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SYNTOETTC VACTINE FOR PROTECTIW AGAINST HUMAN DWUNODEFICIENCY 
VIRUS INFECTION 

This is a continuation- in-parc o£ Application No. 

08/546,515, filed October 20, 19SS, which is a 

continuation-in-part of implication No. 08/235,305, 

filed April 29, 1994, which is a continuation-in-part of 

implication Serial No. 07/858,361, filed March 27, 1992, 

which is a continuation-in-part of ^plication Serial 

No. 07/832,849, filed February 10, 1992, which is a 

continuation-in-part of ^plication Serial No. 

07/591,109, filed October 1, 1990, which is a 

continxiation-in-part of i^P^ic^t^o^ Serial ^No. 

07/093,854, filed September 8, 1987, the entire contents 

of which are hereby incorporated by reference. 

i 

The prtsant inver.ticn ralatas, ir. general, 
Zo i=mocenic preparaticns and, in parcic^ar, to 
peptides czcprising asinc acid sequences 
ccrrespcndinc te a regicn cf the huaan 
iasuncdeficiency virus (HIV) envelope prscein, 
against which neutralizing antibodies are produced. 
The invention further relates to a vaccine 
coaprising the peptide coupled, either directly or 
through a spacer aclecule, to a carrier rclecule, 
suitable fcr vaccination cf husans. 

The husian retrovirus EZV h rs been 
descnstrated to be the causative agent cf acquired 
isauacdeficiency syndroae (AIDS) , a disease for 
which there is currently nc cure. The epideaiologic 
pattern eacng AI5S-related cases indicates that it 
is t traasaissible disease. The virus is frequently 
found in saliva, seaen, whole blocd and plasaa frca 
individuals "in high risk categories, including male 
hcaosaxuals, intravenous drug users, patients 
.receiving bleed products, and individuals frca Haiti 
and Central Africa. The rapid rise in 
sercpcsitivity ancnc individuals in high risk 
ca^eg-ries, the virulence ct the disease, a.-d its 
grcvinc wcrlc-vide dis^riiuticr., undersccre an 
cvervhelring and imadiare need fcr a vaccine 
capable cf inducing ccruleta rrrzec-ive inrunirv 
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non-Lnf acted individuals. The need fcr diagnostic 
reagents to be used in testing for the presence of 
antibodies against HIV in biological samples is also 
clear. 

Previous work has deaonstratad that HIV 
infects T lyaphocytes of the innune systea by 
attaching its external envelope glycoprotein (gpiao) 
to the C04 (T4) molecule on the surface of T 
lyaphccytes, thus using the C04 (T4) molecule as a 
receptor to enter and infect T cells* After 
infecting the cell/ the virus subverts the ability 
of the T cell to fend off the virus. 

Retroviral envelope glycoprotftins have 
been shown to be important in evoJcing a virus- 
neutraliiing antibody response, as determined by the 
ability of sera containing anti-envelcce antibodies 
to inhibit KIV infection in vitro . Specifically, 
the EIV external envelope glycoprotein cpl20 has 
been shown to be capable of inducing neutralizing 
antibodies in coats and in man (?obey ct al., 2j:oc, 
Hati'l. Acad. Sei- ftJSA.) 83; 7023, 1986), Little is 
known of the precise location of epitoces on gpl20 
that are either imaunccenic in KZV-infected patients 
or that give rise to neutralizing antibodies. 
However, the recombinant protein PBl (?Jtncy ct al., 
Science . 234:1392, 1986), which encodes 
approximately one-third of the e.ntire cpl20 
molecule, has been shown to include the part of the 
envelope protein that induces the formation of 
neutralizing antibodies. 

The data accumlated to date suggest that 
neither P31 nor intact gpl20 are appropriate for use 
in a vaccine against EIV infection. Studies 
involving the use of goats and chimpanzees 
demonstrate that neither molecule has the ability to 
Induce the production of high titers of neutralizing 
antibodies. In additicn, it has been shown that the 
intact gpl20 molecule binds to the T4 cclecule of 
noraai T cells and is capable of disrupting normal 
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iasune function. Specifically, whole cpi20 envelope 
molecules interfere with noraal CD4 {T4) function 
and suppress T cell activation in vitrs (Hann ct 
al., J- Tamunol. 138:2640| 1987). ThuS/ the 
adninistration cf vaccines coaprising large pieces 
of the external envelope glycoprotein may actually 
be detriaental to the noraal isaune systea. 

It has become clear that HIV sequence 
diversity in the principle neutralizing domain of 
gpl20 (the V3 cpl20 envelope loop region] and rapid 
V3 loop sequence mutation rate is a major obstacle 
to overcome for vaccine developaent (Myers et al*, 
Kuaan Retr oviruses and AIDS 1991: La Rosa et al,, 
SslfiaSS/ 249:932-935, 1990; and Holley et al-, PKAS 
(VSX) , 88:6300-6304, 1991). Nonetheless, studies 
continue to shcv the critical role that the cpl20 V3 
region plays Ln generating anti-HIV neutralizing 
antibcdies (Jiang et al., J. Txzi. Med. 174:1557- 
1593, 19S0)\ Mcreover, it has recently been shewn 
that approximately 50% of current KIV isolates share 
a consensus cf V3 sequences that is similar to the 
KIV HK isolate, and that approximately 80% of KIV 
isolates in the US share one ot the 4 most ccamcn 
KIV sequences (Myers et al., pur.an Retroviruses and 
AIDS 1991 ; La Rcsa et al., Science . 249:932-935, 
1990; and Kolley et al., PMAS (VSX) . €3:6300-6804, 
1991). Further, tvo of these sequences, GPGRAJ and. 
IKIGPCIIA, have induced widely cross-reactive HIV 
neutralizing antibcdies in aniaals (Jahaverian et 
al.. Science . 250:1590-1593, 1990 and Kaynes et al., 
AIDS Res. Kumans. Retroviral . 6:38-39, 1990). 

Thus, critical to the development of a 
vaccine against HIV, is the generation of an 
antibody response against gpl20 that will interfere 
with cpl20 interaction with the C04 (T4) molecule, 
but will not interfere with noraal CD4 {T4) 
interaction with class II major histocapatibility 
molecules, a cajcr ncraal function cf the CD4 (T4) 
molecule in the mediation of a myriad cf stages cf 
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noraal T ceil response. In addition, an effective 
vaccine against HIV vill induce protective immune 
responses in primates and in man, that is, vill 
prevent subsequent HIV infection from cccurring. 

An iamunogen that induced salutory 
(protective) anti-HTV immune responses for about 80% 
of BTV strains would be of great clinical use in at 
least three settings. First, the successful 
Immunization of HIV negative IV drug users, prison 
inmates and homosexual populations thought to be at 
high risk for contracting HIV infection would 
significantly blunt the progression of the AIDS 
epidemic. Second, if immunization of HIV-infected 
mothers during the first trimester of pregnancy 
could boost salutory anti-HIV virus responses and 
decrease transaissicn of HIV by 80%, then maternal- 
fetal HIV transmission would decrease fcrm 30% to 6% 
of children bcm to HIV-infected mothers. Third, an 
immuRcgen against HIV that induced salutary and not 
pathogenic anti-HIV responses, would be useful for 
immunization of HIV-infected assymptomatic 
individuals to boost anti-HIV immune responses, and 
promote the maintenance cf the assyaptoaatic HIV- 
infected state. 

OBJECTS or TV" tyv^yrtoM 
It is an object of the present 
invention to provide a peptide that, when linked to 
a carrier molecule and/or polymerized to form 
molecular aggregates, is capable of inducing the 
production in mammals of high titers of neutralizing 
antibodies against HIV, which peptide does not 
distrub ncrmal immune function. 

It is another object of the invention to 
provide a synthetic vaccine conprising a peptide 
having an amino acid sequence corresponding to an 
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antigenic deteralnant oC the EIV envelope protein 
that la capable cC Inducing pcotective laaunlty in 
i Miar ala against BIV. 

It la a further object o£ the invention to 
provide a vaccine capable of inducing protective 
iaaaunlty In aanunala against various foras of HIV. 

It is an additional object of the invention 
to provide a method of detecting the presence of 
antl-gpl20 antibodies In biological test samples. 

SUHXA-^Y or TKS lyvSMTIOH 

The invention relates to laaunogenlc 
preparations and vaccines made therefroa. Peptides 
having amino acid sequences corresponding to 
antigenic deterainar.Ss of the envelope protein of 
EIV are covalently coupled, either directly or 
through spacer molecules, to suitable carrier 
molecules. Synthetic vaccines comprising one or 
more such peptides are disclosed. 

In one eabcdiment, the present invention 
comprises an essentially pure form of a peptide 
having an amino acid sequence corresponding to an 
antige.iic determinant of the envelope glycoprotein 
of BIV, which peptide is casable, when covalently ' 
linked to a carrier colecule, of inducing in a 
namcal high titers o! protective antibodies against 
EIV. The peptide can have, for example, the 
se<;ueace CTF.7MNNT?.KSiaiQRG?G, corresponding to amino 
acids 303-321 of the envelope glycoprotein of the 
ETLV-IIlg Isolate (Ratner et al., nature 313:277, 
1985], cr any portion thereof. 

In another embed iment, the present 
invention ccmorises an Is-.-au.-.cgenic conjugate capable 
of inducing in a maanal high titers of protective 
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antibodies against BIV, said conjugate ecfflpclslng: 
(i) a carrier nolecule covalently attached to (11) 
a peptide coaprlslng an aalno acid se^ence 
corresponding to an antigenic determinant of the 
envelope glycoprotein ct BZ7. 

In yet another eabcdlaent/ the present 
invention coaprlses a method of producing immunity 
to BZV comprising administering the above-described 
conjugate to a mammal* 

In another esbodimenti the present 
invention comprises a method o! detecting the 
presence ot antl*gpl20 antibodies in biological test 
samples* 

BRISr DSSCRIPCION Of 7H£ DRAn'IHCS 

Figure !• Recombinant proteins and 
relation to synthetic peptides. 

Figure 3. Reactivity of AIDS patient 
antibodies to synthetic peptides. 

Figure 3. Reactivity to gpl20 of 
antibodies £rcci EIV* patient purified ever synthetic 
peptide affinity columns. 

Figure 4. Neutralization of ETLV-IIIg by , 
goat anti*S?-10 antisera. 

Figure 5. Isolate specific neutralization 

of BIV. 

Figure 6. Binding of gcat anti-S?-IO serum 
to ETLV-III3- but not to HTLV-IIIj^p-infected E9 T 
cells. . 



WOy7/14436 



7 



PCT/US96/16911 



Figure 7. Ccsparison f tha ability 
f various Tl-SPlO peptides frca the 
envelope o£ HIV KN to Induce anti-Tl-S?lOHK 
peptide antibodies In Balb/c sice. Each 
point represents the mean level ct anti-Tl- 
S?10 8eru2 antibody in 4 *5 aica as 
deterained by ZLISA assay in 96 veil plates 
using the peptide II-SPIO KN as antigen on 
the plate. Data are expressed as ratio 
(Z/C) of postbleed iaaunization (2) optical 
density (OD) to prebleed (control) 00, Data 
shcv that Tl-S?10H}f{A), P-Tl-SPIOKK and ?- 
T1-S?10HH{A) peptides after 2 Imunirations 
induce higher levels of anti Tl-SPIOHH 
antibodies than did Tl-SPIOHH itself. 

Figure 8. Coccarison of the ability of 
various Tl-SPlO peptides fron the envelope 
of KIV KK to induce antibodies in Balb/c 
nice that neutralize HIV HK in syncytiua 
inhibitiun assays in vitro. I»ch bar 
indicates the results of senia frcr bleed 3 
froc one ficuse iasunized vith the indicated 
forr of Tl-SPlO . Height of bar indicates 
the percent of syncytiun formation inhibited 
by a 1:10 dilution of ser\m corparcd to 
prebleed sema at the sane dilution. 
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Figure 9 shews antifccdy titers in ELISA assay 
against imunizing peptide over time in chiapanzees 
imsninized with filV env synthetic peptides. 

Figure 10 shovs peripheral blocd mononuclear 
call proliferative responses to the T1-S?10IIIB(A) 
peptide in 7 day tritiated thymidine incorporation 
assays • 

Figure 11 shovs FBMC proliferative responses 
of chimpanzees imzsunized with Tl-SPlO peptides and F- 
Tl-SPlO peptides to PHA. 

Figure 12 shovs goats iaatinized with the same 
batch of peptides used to immunize chimpanzees 884, 
1028, 1045 and 1070. The peptides were immunogenic in 
goats and induced high titers of anti-KIVlll3 
neutralizing antibodies. 

Figure 13 shews anti-HIVMN neutralizing 
antibodies in Rhesus mcnkeys immunized with Tl-SPIOHN 
peptides. Data represent 90k neutralization titers in 
syncytium inhibition assay. 

Figure 14 shews antibody to isnunizing 
peptide in Rhesus monkeys immunized with T1-S?10MN{A) 
peptide. 

Figure 15 shews neutralizing antibody levels 
in syncytium inhibition assay in serxm c? Phesus 
monkeys immunized with F-T1-S?10MN(A) peptide. 

Figure 16 shews serum antibody titers to - 
immunizing peptide in Rhesus monkeys immunized with F- 
T1-S?10MN(A) peptide. 

Figure 17 shows the absorption of cross 
neutralizing antibodies induced by T1-S?10HH{A) peptide 
in rhesus monkey 18987 by peptides containing GrCRAF 
sequence. As shown, a peptide containing Tl did not 
absorb out neutralizing antibodies nor did a peptide 
with a sequence not in Tl-SPIOKN(A) . Only peptides 
with GPGPAJ absorbed the neutralizing activity proving 
that this animal selectively recognized the GPGRAJ 
region of the Vj KIV gpl20 loop as imaunccenic and made 
cross-reactive antibodies to this region. 
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Figure 18. Neutralizing antikcdy titers 
against EIV III3/Lai (solid lines) and HT/ HK 
(dotted lines) in serum of the four chimcanzees 
iaaunized wit>i T1-SP10III3 or r-Tl-SP10IlI3(A) 
peptides then inmunized with T1-S?10HK(A) F«t?tide, 
Neutralizing antibody titers detersiined in syncytium 
inliihition assay. 

Jigure 19. For details, see legend to 
Figure 9. Solid lines indicate antibody titer 
against T1-SP10III3 peptide; dotted line indicates 
antibody response against T1-S?10KK(A) peptide. 

Figure 20. Atsorpticn of chimpanzee 1070 
serum neutralizing antibodies against the EIV KN 
isolate by £?iokk(A) peptides a.-d partial absorption 
by DP2 peptide. 

Figixre 21. Induction of high levels of 
neutralizing antibodies against ETv MN with Tl- 
SrlOKN(A) peptide in Rhesus monkeys. 

Figure 22. Induction of anti-Tl-£?10KN(A) 
peptide antibodies with Tl-£?10Jor(A) peptide in 
Bhesus monkeys. 

Figure 23, Induction of high levels of 
anti-EIV KN neutralizing antibodies with Tl- 
S?10MN(A) peptide. 

Figxire 24. Lnduction of antibodies 
against F-T1-S?10KN{A) peptide using F-T1-£?10KN(A) 
peptide as imauncgen in Phesus monkeys. Assay used 
in Figs. 22, 24 was end-point ELISA against 
i^nunizing peptide (2/C greater than 2.9). 

Figure 25. Absorption of serum 
neutralizing antibodies against the EIV IIIH isolate 
by £?xOM:I{A) and DF2 peptides. 
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Figure 2£ . Panel A is a general prototype 
design of the C4-V3 peptide called Tl-SPIO(A) from the 
£IV isolate MN with 2 T helper determinants in the 
hybrid peptide, one MHC Class I CTL epitope restricted 
by B7, and a second CTL epitope restricted by HLA-A2. 
Panel B shows the Th-CTL peptide designed from simian 
immunodeficiency virus envelope and simian 
.immunodeficiency virus gag protein. This peptide was 
used to show the ability of the peptide to generate 
Class I restricted anti-SIV CTL in primates as 
described in Yasutomi et al (J. Immunol. 151:5096 
(1993)) . 

Figure 27, Sequence of T1-S?10(A) Th-B-Tc 
peptides for human immunization. 

Figure 28, Mab 48d binds to the C4-V3 
peptide Tl-SPIOCINO {A) whereas monoclonal antibody 17b 
does not. Increasing amounts of monoclonal antibodiies 
were added to ELISA plates on which the T1-SP10CANO{A) 
C4-V3 peptide was coated (2 ;ig/well) as described in 
detail in Eaynas et al (J. Immunol. 151:1646 (1993), J, 
Exp, Med. 177:717 (1993)). Figure 28 shows that mab 
4ad boxmd to the Tl-SPIOCANO (A) peptide, and the 17b 
antibody did not. This plate was stripped with 8 molar 
urea (a treatment previously shown not to affect 
antibody binding to linear V3 determinants of peptides 
on the plate) and demonstrated that 8 molar urea 
treatment of the peptide denatured the peptide and 
preventive subsequent 48d binding to the peptide. 
These data strongly suggested that 48d antibody bound 
to a conformational determinant on the C4-V3 peptide 
T1-S?10CA^10(A) . 

Figure 29. The whole Tl-SPIOCANO (A) peptide 
is required for maximal peptide binding to mab 48d. 
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Either the Tl peptide (C4 region alcme) the V3 peptide 
[SPIOCANO (A) ] , C4-V3 peptide [Tl-SPIOCANO (A) ] or a 
mixture of equal amounts of C4 (Tl) V3 [SFIOCANO(A) ] 
peptide were incubated on an ELISA plate with the total 
concentration of 2 ftg/well. It Ccux be seen in 
Figure 29 that control monoclonal antibodies DI7.HF20 
did not bind to any of these peptides, whereais the 48d 
nabs bouzid to SFIOCAIIO(A) peptide and significantly 
better to the C4-V3 version of the Tl-SPIOCANO(A) 
peptide. Mixing the Tl the SPIOCAMO(A) peptide 
together did not increase 48d binding. 

Figure 30. General scheme for an HLA-based 
vaccine for AIDS. 
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Figure 31. Schematic representation of the possible 
interaction of functional native HIV-i envelope regions. 
Figure shows that HIV-l envelope protein gp4l on the 
viral surface has been proposed to interact with the V3 
loop and C5 regions of HIV gpl20 envelope protein, 
Amino acids are shown in single letter code, and numbers 
represent the positions of amino acids in the HIVBAL 
envelope protein gpl60. 

Figure 32. Western blot analysis of guinea pig antisera 
against HIV gpi20 and proteins. Recombinant gpl20, 
gp41-MBP fusion proteins (0. 1/ig/lane) , cell lysate of 
HIVLAI/IIIB infected- or mock-infected CEM cells 
(0.5xlO« cells/lane) were fractionated on 4-20% SDS-PAGE 
gel, and transferred to nitrocellulose filters. The 
filters were blocked overnight with 10% dry milk at 4*>C, 
and incubated with guinea pig pre- or post -immune sera 
at 1:400 dilution for Ih at room temperature, followed 
by incubation with goat ant i -guinea pig IgG labeled with 
horseradish peroxidase for Ih at room temperature . 
Results were visualized by using chemiluminescence 
technique. Panel A. Western blot with pig serum from 
guinea pig immunized with HIV-l peptide GTHISPIOMN (A) . 
The pre- immune serum from the same guinea pig was used 
Sis control. Panel B. Western blot with sera from guinea 
pig immunized with HIV-l peptide HIV-l gp41 peptide 
SP4 00-BAL. The pre -immune serum from the same guinea 
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pigs were used as control. Panel C, Western blot with 
sera from guinea pig immunized with HIV-l peptide HIV-i 
gpl20 peptide SP410-BAL. The pre-immune serum from the 
same guinea pigs were used as control. 

Figure 33. Indirect immunofluorescence and flow 
cytometric analysis of guinea pig antisera against HIV 
peptide on the HIVLAl/iUB-inf ected CEM cells. Sera 
from guinea pig before and after immunization with HIV 
envelope peptides were incubated with HIVLAI/iiib- 
infected or mock- infected CEM T cells (10^ cells) for 
45 min at 4<»C, followed by incubation with goat anti- 
guinea pig igG labeled with FITC for additional 45 min 
at 40c. Then, cells were washed, fixed with Xk 
paraformaldehyde, and analyzed by a flow cytometry 
profiler. Results were expressed as mean fluorescence 
channel number to reflect the fluorescence intensity. 
Data represent average value of two experiments. 
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OrrAILSO D£SCRI?trOH OF TKZ IHVE>^7rON 

The present invention relates to peptides 
corresponding to imaunogenic epitopes o£ SIV and 
synthetic vaccines nade kherefrooi. These novel 
ifflmuno^enic agents are prepared by chemically 
synthesizing peptides sharing antigenic determinants 
with the envelope protein of HIV. The peptides are 
linked to carrier molecules (and/or are polymerized] 
rendering thea suitable as vaccines. These vaccines 
are useful for imn:unization against AIDS vhen 
administered to ma.'nnals/ for example/ by the 
parenteral route. 

It was detersined that peptides that should 
be studied fee irjauncgenic potential included those 
correspcftdirg to hydrcphilic, charged regions o£ the 
HIV envelope glycoprotein. It was further deter- 
mined that/ of such peptides, those with predicted 
beta turns would likely be of particular 
impcctance. It was recognized that the fcraation of 
intrapeptide disulfide bonds would be useful in 
establishing native ccnf igurational determinants. 
Alsc, it was recognized that formation o£ interchain 
disulfide bonds would be useful in pclyrserizing 
peptide molecules so as to form larger, core 
immunogenic peptide aggregates. 

Computer analysis of the predicted amino 
acid sequence oC the envelope protein of the ETLV- 
Illg and ARV-2 isolates of EIV establishes the 
secondary structure and location of hydrochilic 
regions. Secondary structure was determined from 
the computer analysis using the method of Chou and 
Fassan (Biochemistry 13:211 and 13:222, 1974; 
Advances in Enzvmclccv 47:4S, 1978). ?c:ential 
areas of beta turns were localized usin; the method 



wo 97/14436 



10 



PCT/US96/16911 



Of Rose' {Nature 272:536, 1978). Eydrcchillc regions 
cf the envelope protein were Identified by the 
techni<pje of Rose and Roy ( ?roc. Hat 'I. Acad. Sel. 
2SA 77:4643, 1980). 

The peptides of the Instant Invention 
correspond to, or are homologous with, B-cell 
epitopes present within the central region of the 
HIV isolate HTLV-IIIg envelope protein, or envelope 
protein of related EIY Isolates. The peptides of 
the pcesent Invention are about 35 aoino acids 
(units) or less in ler.gth, are hydcophilic, and when 
conjugated to appropriate carrier nolecules, evoke 
the production in mar.r:a!s cf high titers (that is, 
advantageously, a recucticn in infectivity of Iflo 
infectious units cf arproiiaately 80* in vitro at 
1:600 dilution cf seru.-:) of type {or isolate) 
specific neutralising antibodies against E-V. 
Onlike the intact gplio nclecule, the peptides 
theaselves are not capable of inhibiting interaction 
between the C0< (T4J colecule cn the surface of T 
lyophccytes and macrcchage ELA class II nolecules, 
and thus do not interfere with ncraal ijraune 
function. That is, peptides of t.he instant 
invention capable cf inducing anti-SIV neutralizing 
antibodies, do not inhibit antigen-specific nocaal T 
cell proliferative responses in vitro. 

Peptides of the instant invention can have, 
toe esaople, the sequence CTasMNNTSXSIRICRCrC 
(designated SP-10), csrrespcnding to anino acids 
303-321 cf the ETLV-IIIg envelope glycoprotein gpl20 
(Ratner et al.. Nature 313:277, 1935), or some 
portion of that sequence. Peptides of the invention 
can also have sequences corresponding to the 
analogous SP-lO regions of EIV isolates ccher chan 
ETLV-IIIg, or portions thereof, these sequences 
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being designated ■S?-10-like" (see, fcr example* 
sequences in Table Z}. 

U2LZ I 

S?-10 and S?10-Lilce Sequences 

S?-10 III3 CraPHNOTRXSIRIQRGPG 

S?--10 KH CTRPNYNiaxaiHICPCRA? 

SP-10 RT CTWHNNTRXSITKCPCaVIY 

5?-10 SC CTRSHNNTTRSIKIG?G?Jk?Y 

SP-10 KMJ-1 CTa?HNKVRRRHIHIG?GRArY 

SP-10 HXJ-2 CTR?rNNVRR£LSIG?G?J^fR 

SP-10 KKJ-3 CWrHDIARRRIKIGPGRAFY 

SP-10 AJlV-2 C:ArNNN7RXSIYIG?G?«^«*H 

SP-10 LAV-I CTRrSNNTRXSIRIQRCPG 
SP-10 EIV-2 (LAV-2) CXRPGNKTVXQIHLHSCKVrKScY 



The expression "SP-lO-llke* includes within its 
ceaning the Sr-10 sequence itself. 

Carrier molecules to which peptides of the 
invention are covalently linked (conjugated) are 
advantageously, non-toxic, pharaaceutically 
acceptable and oC a size sufficient to produce an 
Imaune response in maooals* Examples c£ suitable 
carrier nolecules include tetanus toxoid, keyhole 
limpet hesocyanin (XLH), and peptides ccr respcncing 
to T cell epitopes (that is, Tl and T2) of the g?120 
envelope glyccprotein that can substitute for nca* 
AIDS virus-derived carrier molecules (Cease, Proc> 
Kat'l. Acad, Sci. (USA) 84:4249, 1987; Kennedy ec 
al., Siol. Chea, 262:5769, 1987 J. Peptides can 
also be acniniscered with a pharziaceutically 
acceptable adjuvant, for example, alum, cr 
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csnjugated to other carrier cclecules scce 
ifflcuncgeflle than tetanus toxoid. 

Linkage oC a carrier nclecule to a peptide 
of the invention can be direct or through a spacer 
fflolecuie. Spacer molecules are^ advantageously, 
aon->tozic and reactive. Two glycine residues added 
to the aaino terainal end of the peptide can provide 
a suitable spacer moleoile for linking S?-10-like 
se<^ences/ or portions thereof/ to a carrier 
ttolecule; alternatively/ S?-10-like secuences, or 
portions thereof/ can for example be synthesized 
directly adjacent to, for example/ another 
iausuncgesic RIV envelope sequence/ for example/ Tl 
or 72. Cysteines can be added either at the H or C 
tersinus c£ the S?-10-iike peptide for conjugation 
to the carrier oclecule or to both ends to 
facilitate interchain pclyneriiation via di*sulfide 
bond foraation to fora larger colecula: aggregates. 

Conjugation of the carrier molecule to the 
peptide is accomplished using a coupling agent. 
Advantageously/ the heterofunctional ccupling agent 
M-caleiaidcbenroyl-H-hydroxysuccinimide ester (HBS) 
or the water soluble ccncound m-aaleiaido- 
benxoylsulfosucclnimide ester (sulfc-MSS) is used, 
as described by Green et al (Cell, 28:477; 1982) and 
by Palker ct al. ( Proc, Hat'l Acad. Sci. (U.S.A.) 
84:2479/ 1987). 

Vaccines of the instant invention comprise 
one or more S?-10-like peptides, or portion thereof, 
each Sr-lO-like peptide being derived £rca a. 
different EIV strain, which peptides are conjugated 
to carrier molecules. A polyvalent vaccine 
comprising a mixture cf synthetic pepcides, 
advancacecusiy abcut 2 to about 10, corresponding is 
sequence to, for example, the isolates indicated in 



wo 97/14436 



13 



PCTAJS96/16911 



Tables Z, can be used to provide Icsaunity in sian 
a9ainst various focss of HIV. 

Advantageously, the S?-10 sequence o! ETL7- 
IIZ3 (see Table Z} can be conjugated to or 
synthesized vith either the ETLV^ZZZ^ 9?120 envelope 
T cell epitope Tl (anino acids 42a--443 ef 9pl20], 
ICQZZKKHgcvCKAHYA, or to the T2 epitope (aaino acids 
112-124 of HTLV-ZZZg S?120), EIDZZSLWKCSIX (Cease et 
al., Pcoc> Kat'l> Acad. Sci fOSA) 84:42<9/ 1987) to 
fora a single polypeptide (in the case c! T1-S7-10 
frco the HTLV-IZI3 isolate of HZV, 

KQIZNKHQ£VGXAMYACTR?NMNTRXSIRIORG?G) . $iailarly, Tl 
or T2 sequences frcn other EZV isolates can be 
linked to synthetic peptides derived fret the S?-10 
region c£ the corresponding isolates (ses Table Z], 
advantageously, at the N tcrainus of the Sr-lQ-like 
peptide, to make a ti(cr T2-)-S?-10-like peptide 
capable of inducing neutralizing antibody titers 
against a specific strain o£ EZV. Linkage at the C 
terainus of the S?-10-like peptide is also possible. 

Smaller portions of S?-10-like peptides, 
fcr exar:?le, SP-10 Rr{A) and S?-10 C (Table Z!) can 
also be covalently linked to carrier molecules, 
Including gpl20 T cell epitopes, and used in a 
vaccine. 

The present invention also relates to an 
effective protective vaccine against strains cf HZV 
ccnprising, in addition to S?-10-like sequences and 
appropriate carrier CQlecule(s) additional sequences 
from the gpl20 envelope molecule. Since there is a 
major hypervariable region that is carbcry terainal 
to peptides designated as S?-10-like in Table I 
(envelope amino acids 322-233, Ratner et al, Nature 
313:277, 1935), and since the hypervariable region 
may play a role in enhancing the ability c£ Sr*10- 
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like peptides to raise type*speclf ic neutralizing 
antibodies/ aaino acid sequences corresponding to a 
hypervariable region (approxii&ately acino acids 322^ 
333} of EIV isolates can be included as vaccine 
ccfiponentSf in part or in vhol«/ as described for 
other S?-10«like peptides (see/ for example, 
sequences In Table ZZ)« Eypervariable sequences are 
linked advantageously C«terainal to the S?-10*like 
peptide. Linkage R-terainal to the S?*10-like 
peptide is also possible. 

Table II 

S7-10 and S?-10*like secuences containinQ an 
adcicicnal carboxyterainai hygervariable dorsain and 
s^cr:eaed S?*10-lUe secuences. ' 



s?- 


■10 


::ia 


CrR?SNKraXS;ii:ORCPGRAr.VTIGXICH 


S?-iO 


KM 


CTSPNYNXRXa IK IG PCRAf Y 7TXNI ICT 


S?-10 


R» 


CTa«NHKTRXSITXC?CaVI YATCgi ICO 


s?- 


•10 


SC 


CTRPSKMrrRSIKIGPCRArYATGOIICO 


s?- 


•10 


KXJ-1 


CTS?HKNV?JUIH IH IGPCRArYTGEIRCN 


s?- 


•10 




CTRPrKNVRRSLS IGPCRArRTRSI IGI 


s?- 


•10 


ytXj-3 


CTR?NDIA?JlRIH:G?CaArYTGX I IGH 


s?- 


•10 




C7R?SNN7RXSn IGPGRArHTTGRIlCO 


S?" 


10 


LAV-I 


CTRPHNNTRXSIRIORCPGrJkrVTlGXICN 


s?- 


•10. 


EIV-2 
(LAV-2) 


CXRPCNXTVXQIHLKSGKVrKSnYQPINXRPRQ 


s?- 


•10 


C 


CTRXSIRIQRGPCRIY) 


s?- 


10 


R?(A) 


CaxSlTXCPGRVIY 



The present invention also relates to an 
effective protective vaccine against strains of BIV 
cccprising/ in addition to a Sr-lO-like sequence and 
a carrier aolecule, a peptide ccr responding to the 
HIV gpm transocabrane region that is involved in 
viral-induced cell fusion, TLOTLZ, {Gallagher/ Cell 
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50:327, 1987). The FLCrLC sequence la added, 
advantagecusly, at the C terainus of the S?-lfl-Iike 
peptide* Addition at the H terainus of the SP-IO* 
like peptide Is also possible. 

The present Invention also relates to an 
effective vaccine against EIV focaed free cystelne- 
Tl-(or T2-)S?-10-llkc, cystelne-Tl-(or T2-)S?-10- 
llke-hypervarlable region, or cystelne-Tl-(or T2-) 
S?-10-like-FLCrLC polypeptides; and/or S?-lO-llke- 
cysteine or S?-10-llke-hypervarlable regicn-cysteine 
polypeptides. The polypeptides can be treated with 
oxidizing agents to Induce disulfide bonds between 
polypeptide chaia cysteines, to effect pclyaerlted 
and therefore, highly lr--:uncgenic antigens. The 
ttclecular aggregates thus foraec advantagecusly 
ccapcise S?-10-like peptides derived frca 
(cocresocndlng tc) at least 2 EIV Isolates. 

A polyvalent EIV vaccine of the instant 
invention ccaccises, advantageously, tvo cr aoce 
conjugates comprising an S?-10-llke sequence, or 
pcrticn thereof (see, fcr exan:ple, sequences In 
Table 1) derived froa 2 cc core EIV isolates, and a 
carrier cclccule such as tetanus toxoid, cr tvo or 
more Tl- cr T2-S?-10-like peptide conjugates, 
wherein both the Tl (or T2) and the S?-lO-like 
sequences correspcnd to sequences present in a 
specific EIV Isolate. 

The advantage of using, as a carrier 
cclecule, a synthetic peptide reflecting a portion 
of the gFl20 aclecule recognited by helper T cells. 
Is that no other carrier molecule, such as tetanus 
toxoid, would be required, and the B and T cell 
response to HIV wculd be specific. Ccabining In a 
pcylvale.nt vaccine several peptides reflecting 
sequences froa the SP-10 region of different 
isolates, and possibly the T cell rcccgniticn racicn 
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of the 9pl20 envelope, overccaes the prchlea of 
isolate*speci£ic neutralization. 

The present invention also relates to a 
polyvalent vaccine coaprlsing S?-10-like peptides 
linked to hypervariable sequences described above 
(see/ for example. Table ZI). A mixture of such 
polypeptides, ccupled to appropriate carrier 
molecules and/c; polycerized via disul!:de bend 
fcraaticr. (Harincton, C.R., e: al«, Bicchea. J> , 
30:1598, 1S30; Earingzcn, et al., Siochea* J« , 

38;417, 1944; Wey^and et al. , Waturfcrsch. , 
176:807, 1962), can be used as a vaccir.e to evoke a 
protective antibody response to oultiple isolates of 
EIV. 

S?-10-like peptides car. be used in a solid 
phase radioicmur.cassay (?4lke: et al. J> Iguaunol 
136:2393, 1986; ibid. . ?roc. Hat'l. Acad. Sci, fOSA) 
84:2479, 1987} to (i) detect the presence and titers 
of neutralizing antibodies of EIV; and (ii) to 
determine with which strain of EIV the patient is 
infected. Thus, in addition to S?-10*lixe peptides 
being used as a vaccine or a ccmponent cf a vaccine, 
the peptide can be used, as described above, for 
diagnostic purposes. Peptides cf the instant 
inventicn can also be used in standard enzyme linked 
imniunosccbent assays to detect the presence of HIV 
antibodies . 
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Sussarlslng and supplesenting specific 
aspects of the foregoing, the present invention 
relates, at least in part, to a synthetic peptide 
coBprising at least tvo regions of HIV proteins, 
the Tl gpl20 env region, reported to be recognized 
by both B cells (Palker et al J. t^hmwat . 
142:3412, 19S9} and helper T cells (Cease et al 
Proc. Natl. >ead. gg< . msil 84M249, 1987], and 
the S?lO-113ce gpl20 env ragion, a region that is 
also recognized by helper T cells and as veil as 
by B cells «nd Induces antibodies that are capable 
of neutralizing the huaan ianunodeficiency virus 
.(HTT) (see reference of PaUcer et al cited 
iaaediately above; Palker et al Proe. ^^^^ 
gglt f?S^} 85:1932, 1988; and also Kusche et al 
Proc. Katl. Acad. Sei. (VSW 85:3198-3202, 1988 
and Coudsait et al Proc. wat^i . Xcma . s^j. rnsx< 
85:4478, 1988) (see Tables III and IVJ . 

TABLZ III 

VASiiAirrs OF thi ti-s?io peptide DEaiVZO 

mOK HIV KX ETTELOPE SEQUENCES 



: I II s?io A 

*1*S?10 X0IINir«Ur/GXA.MYAC7A?}lYWJ«XXIHlG?5RA 

Tl - S?l 0 (AJ XO^lJWWOEVCXAMYACrXPNYMjajGlIHlGPCRAFyrrX 

r-71 -SPIO AVCIGALFW?LXOII>lHVOEVC}WMy>Cni?KY>n«xaiHIC?GaA 

F'71 -SPIO (A) AVCIGALFLGF LX0IIKHW0EVGX»fYAC7a?KYVKaxaiHIG?GaArYTrr 

Seguences from Keyers et al. Hvman Retroviruses and AIDS, 1988 
Los Alaoos National Laboratory, Los Alaaos, Kew Mexico, p. ll'sa- 

7^ • 
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VARIAOTS CF TH£ Tl-SPlO PSPTIOE DE.-.IVSO 
FKOM HIV 1II3 EfVZLOPS SiaOZHCSS 



F 



Tl 



S?10 



A 



n-spio tA) 



KOI EOWQEVGXAKYACTRPJOiTn'RKS IRIQRCPCRAFVTI 



P-n-SPlO 



AVGICALFLGfLXOIDOTiiOEVGXAHy^CTRPh^VrRKSIRIO^^ 



r*Tl>S?10(A) AVGrGALr^GfXXQII}0iWQEVCX>J<YAC7Rgffl?rrRXSIRIQRG?GRA^ 

Sequences £rca Ratner c& &1. Va tur^ . 313:277« 1985. 

Heutrallzing antibodies produced by Tl** 



SPlO-liXe peptides are type-specific, in that 
antibodies raised against the EIV ETLVIIIB (III3) 
isolate do not neutralize the EIV KTLVIIIKK (>£X) 
or ETLVIIIjL? (RJ) HIV isolates (?al)cer et al. J* 
TTnrturol . 1<2:3612, 1989). Similarly, neutralising 
antibodies raised against the Tl-S?lO-liXe 
peptides containing sequences fro= the K< or R? 
HIV isolate neutralize the hocclogous isclate but 
do net neutralize any of the other tvo HIV 
isolates. Hcvever, when goat anti-71-S?I0-liXe 
antisera vere tested against 9 KIV field isolates 
in Kcrth Carolina, anti-TI-S?10III3 ser^ was 
observed to neutralize 1 of 9 HIV isolates, anti- 
Tl-SPIORJ serus neutralized 3 of 9 HIV isolates, 
and anti-TI-SPlora seru=: neutralized 6 of 9 HIV 
isolates (Haynes et al ATQS Res. Retrol. 6:38, 
1990} (see Table V} . 



ABILITY OP AKTI-TI-SPIO SZRUH TO KZUTRALIZZ 
NORTH CAROLIHA FI2LD ISOIATZS OF HIV 



TA3L2 V 



AHTI-Tl-SPIORF 



AHTI-T1-SP10III3 



AK7I-T1-SP10HH 



1/9 (lU) 
3/9 (33*) 
6/9 (67%) 
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La Rcaa «t al (ifiiinss 249:932, 1990) 
have Khcvn that tha HIV XH sot if described by 
Kaynea t al in ATPS Bgg. p^t^roi . (abcve) is one 
of the prodoainant Botifs of KIV Isolates cultured 
froB AIDS patients arotind the United States. 

Falker et al (J. T-ggunoi . 142:3612, 1989] 
vere the first to report that the strategy of 
fiijcing peptides froB various isolates could be a 
successful approach to the problea of raisin? 
antibodies against nuserous strains of BIT vith 
divergent asino acid sequences in the 303-337 
region of the HIV envelope. Moreover, Pal3cer et 
,al reported that the Tl-S?10-liJce peptide was 
advantageous over synthetic peptides ccupled to 
carrier molecules such as XLH cr tetanus toxoid. 
Whereas carrier coupled peptides only induced 
large azcunts of antibody against the carrier in 
polyvalent aixtures of peptides, when the Tl 
sequence of HIVIII3 env (aaino acids 429-443) vas 
ccvalently linked K^terainal to the S?IO sequence 
(asino acids 303-321), this carrier-free iaauncgen 
induced high titers of neutralizing antibodies to 
all three KIV isolates vhose sequences vere 
present in the Tl-SPlO peptides. Moreover, Kart 
et al f J. T:i=unol, 1990) have recently shcvn that 
the Tl-S?10 peptide is non-toxic to irrune cells 
in rhesus ccnXeys and is capable of inducing high- 
titered neutralizing antibodies and T helper cells 
JLq vivo in these prinates. Thus, the Tl-SPlO- 
liXe synthetic peptide construct is a siaple, non- 
toxic and highly efficacious coleculc for inducing 
high titered anti-HIV neutralizing antibody 
responses and T-helper cell responses in goats and 
privates. 

One of the major prcbleas in developing a 
vaccine for AIDS has been the question of whether 
antibody responses alone can protect an individual 
against both cell-free Hr/ and HIV-infected cells, 
cr whether cell aediated iiizune responses 
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(antigen-apecif ic cytatcxic T callsj era needed as 
veil. Certainly, sany other viral ir.rections 
re<^ire both antibody and cellular anti-viral 
Issune responses for the generation of protective 
iaaunity (Long et al I^unol. Today 10:45, 1989). 
In addition, local Issunlty at nucoaal surfaces 
consisting of IgC and IgA antibody responses and 
ttucosal aurface-associated cytotoxic T call 
activity may be required to protect against 
transmission of EIV via sexual contact or via 
exposure of mucosal surfaces vith Infected blood* 
Thus, a synthetic peptide iaaunogen vould be 
.desirable that induced cytotoxic T cell (CTL) 
responses to HIV in addition to Inducing 
neutralizing antibody and T helper call responses. 
In addition to the eshcdirents disclosed and 
surrarired above, the present invention relates to 
such an irzunc-gen. 

The r region (for example, azino acids 
519-530 of the BK10/III3 HIV isolate and 
hcrologous regions of ether HIV-1, KIY-2 and 
sizian isrunodef iciency virus (SIV) isolates) has 
sequence horology to t>.e fl (fusion) peptides of 
paramyxoviruses fCallaher Cell 50:327, 1987}. The 
F region has been postulated to for= a hydrophobic 
helical structure capable of inserting into lipid 
bilayers of cell ceabranes and inducing cell 
fusion. Eosch et al f Sclenee 244:69<, 1989) have 
dezonstrated that the T region in SIV (that is, 
the region honologous to the 519-530 env gp41 
region of the BH10/III3 HIV isolate) dees Indeed 
mediate cell fusion ct SIV-infected cells. 

It has been determined that F-derivatized 
peptides are internalized in isiriune cells in 
such a vay as to induce the saze type of cytotoxic 
T cell response that is necessary for control of 
many viral infections, nasely, the generation of 
HLA-restricted CD8+ cytotoxic T cells, f- 
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darivatized peptides Interact with calls of the 
iszune systes^such that vben Injected intd a 
tasaal, they induce antl-HIV aeaory T helper cell 
activity, anti-aiv neutralizing antibodies, and 
mesory anti-HIV CDS^, HU-Claaa I restricted 
cytotoxic T cell r^spcnsts. 

Accordingly, the present invention 
relates, in a preferred eabodisent, to peptides of 
the general foraulae: 

?-Th-S?10(X) 
Th-SPlO(X) 
Th-S?lC 
and 
F(X) 

wherein: 

7 sequences are froa the putative 
fuscgenic dccain of HIV env gp4i (for exasple, 
asino acids 51S-530 in EIV isolate BK10/II13 or 
hcrclogcus regions in ether HIV-1, KIV-2 or SIY 
isolates, or sequences functionally equivalent 
thereto) ; 

Th sequences are either the Tl or T2 T 
helper epitopes or alternatively are any of the T 
helper cell epitopes listed in Table X (belov) or 
azino acid sequences free other regions of HP/ 
proteins not listed bet that function as T helper 
epitopes; 

S?10-li)ce sequences are £rcz Tables I or 
II (see also Table VIII belov) or free any S?10- 
like sequence fres BIV field isolates (see, for 
exasple, La?.osa et al Science 249:932, 1990); and 

(X) sequences are HTV protein sequences 
recognized by KHC Class I or Class II restricted 
cytotoxic T cells. Ixazples of (X) region 
sequences are given in Tables VIII and IX belcv. 

Alternatively, F sequences can be, for 
exarple, C-tersinal to Th-S?10(X) sequences* 
Moreover, Th, S710 and (X) sequences can be 
arranged in any order in the peptide construct. 
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Thm lynthetic p<ptld« isrunogen of this 
enbodisent of the invention is capable of inducing 
anti-HIV neutralizing antibodies, anti-Hr/ helper 
T cells, and anti-m cytotoxic (jciller) T cells. 
One skilled In the art vill appreciate that this 
lanunogen (vhich is a fusion protein) can either 
be synthesized chcaically or by recoabinant aaans 
knovn in the art. 

The iaaunogen can have, for example, the 
structure: ?-Tl-S?10-{A) . Wiile exaaples of such 
iaaunogens are given in Tables III and IV, one 
skilled in the art vill appreciate that any S?10- 
like sequence froa field or laboratory HIV 
isolates (for exaaple, LaJlosa et al Sc^er^eg 
249:932, 1990) can be substituted for the SPIO 
sequences shcvn in Tables III and IV {see also 
Tables I and II) • 

The Tl-like sequences can be selected 
frott Tl-hoBologcus sequences froa any sequenced 
HIV isolate including those shown in Table VI. 
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TAair VI 

HIV Envelop* SP120 Tl Sequences Frcm Kuldple HIV leolaci 



Isolate 




Sequence 




HIV-l 


KQIIHMHQEVCX 


: A M Y A 


BRO. 








HN 








SC 








ST2 








OCA 








KH72 








R? 








ELI 


• • I • - 


• V A G : R - 


- I . . 


KAL 








Z6 








Z3 


• • V V R 


T • - G - - Q 




Z221 








JYl 








K2V-2 








RCO 


X Q I I H 


T H H K V G R 


N V Y L 


NIKZ 


R • • • - 


- • - R - • R 


. L - - 



*-« "in* acids 42e-U2 froa 
Katner, L, «t al. fiiiura 3l3::77-284, 1985. 

f Of the HlV-i aAd HIV- 

aM.MC£, 1988, Lcs Alaacs Hatlonal Labo?atSy 
Los Alaaos, Hev Mexico, p. ii-89. ««racor7, 

: « no asino acid. 

The r-like sequences can be selected free 
r-hcBolo^ous sequences froa any sequenced HIV 
Isolate, including these shown in Table VII. 
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HIV Envelope gp4i FM,icn Protein IF) S«pieaces Frcn Mulclpl. 

HIV Isolates 




BHIO 

HN 

SC 

sri 

CDC4 

KH72 

Rf 

ELI 

HAL 

Z6 

Z321 
JYl 

HIV -2 

SCO 
HIKZ 



AVG: IGALFLGFL 
A A . 



* • 


• 1 V • 


- M - 




• M L - 


- H - 




• T - • 


- M - 




- T • - 


- H - 


♦ 1 


- : L - 


• H - 


- I 


• : L • 


• M - 


- I 


- : L - 


- K - 


- 1 


- M : - 


- F - 


- 1 







RGVFVLGFLGFL 



Ratner, L. et al HailZZS 313:277-284 isas 
sequences for theTSilnder of the HIV^! ind HIV- 

LSrAl^i,";?' i««/i«os National LaboratSS/ 
2 ' "'^ K«clco, p. 11-90. KHJl sequence 



■ no aaino acid. 



The (A) region-lilce sequences can be 
selected froa (A) -honologous sequences froa any 
HIV isolate, including those shown in Tables n 
and VIII. 
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TAflLI VIII 



S? 10 AW) SP10-LIK2 and (A) RSGIOtl gpl20 SSCUBNCSS 
FROM KULT1PL2 HIV ISOLATES 



:«olat« s?io Region 

Sv^i 



(A} Region 



3H10{I1I3).C TRPNNNTRJCSlRICItGPG RAPVTZCrrr 

« CTRPHYNJCRKRIHIGPGRA PyTTKKIIC- 

» CTRPNNHTRXSITKGPCRVIY ATGQIIGO 

SC CTRPHMNTTRSIHIGPGRAFY ATGOllGD 

«J-1 CTRPHNNVRRRHIEIGPGRAPY TGBIRGK 

CT.RPYNHVRRSLSIGPGRAPR TRBIIGI 

HMJ-3 CTRPNDIARRRIHIGPGRAPY TGKIIGM 

ARV-2 CTRPNNNTRRSIYIGPCRAFH TTGRIIGD 

LAVl CTRPNNKTRKSIRIQRGPG RAPVTIgSic 

HIV- 2 

lAV-2 CKRPGNKTVJtOIHLKSGKVPHSKY QPIKKRPRO 



Sequences froa BHIO (III3) are froa Ratner et al 
nature 313:270-284, 1985. 

The invention further relates to a 
peptide ccoprising the P region sequence (that is, 
for exanple, aaino acids 519-530 of the BH10/III3 
isolate or other hooologous region in other HIV- 
1, HIV-2 or SIV isolates) froa HIV gp41 placed 
(covalently linked) H terainal to s?10 or S?10- 
like regions froa any KTV sequence (see^ for 
exaaple. Table II) froa field isolates such that 
the resulting construct can induce neutralizing 
antibodies and cytotoxic T cells against HIV* 

One skilled in the art will appreciate 
froa a reading of the present disclosure that KHC 
Class I restricted cytotoxic T cells can be 
induced by adainistering In vivo , as an exaaple. 
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the 519-530 aaina acid region of HIV sp4i, 
consisting o£ the 12 aaino acids: AVCICAL?LC?L 
(F) or P-region sequences of other HIV-1, HIV-2 or 
SIV isolates (see, for exasple. Table VII) that 
are hcaologoas to the 519-530 aalno acid •etjuence 
Of isolate BH10/III3 (Table VII), covalently 
linked to any other peptide ranging In langth 
froa, for exaaple, 3 to 50 aaijio acids, anch that 
the f-llnJced peptide via associate vith antigen- 
presenting cells in such a way as to effect the 
processing and presentation of the synthetic 
peptide that Is covalently linked to T so that the 
peptide is presented to T cells in the context of 
HKC Class I Bolecules and generates the 
development of CD8+ cytotoxic T cells la vivfl. In 
the context of an efficacious AIDS vacc'ne 
several T-derivatized hybrid HIV peptides 'czn be 
constructed cccprising the 7 aaino acid sequence 
(see, for exaaple. Table VII) coupled K or C 
terminal to an aaino acid sequence of KIV proteins 
that are capable of inducing cytotoxic T cells In 
2dv2. Exaaples cf described HIV peptides that are 
capable of being reiocr.iied by KIA Class I 
cytotoxic T cells are shovn in Table IX. 
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Thlj latter strategy is Ispcrtant Ln that 
cytotoxic T cell epitopes ara recognised by 
specific polysorphic HIA Class I or Clisa II 
Bolecales. If only l such epitope (represented by 
one linear sequence of a peptide, such as the (A) 
peptide] is present in the vaccine, then only 
these individuals with the specific m antigen, 
that the (A) peptide uses to be presented to 
cytotoxic T cells would develop cytotoxic T cells 
against HIV. Eovever, If nuaerous F-derivatized 
peptides, each containing a peptide that is 
capable of being recognized In the context of a 
distinct HIA Class I or Class II nolec-ule by 
cytotoxic T cells, are contained in an i=unogen, 
then individuals vith a vide s?ectru= cf EL\-types 
will cake cytotoxic T cells against HIV. 

Thus, an i=sur.cgen capable cf inducing 
anti-Kiv cytotoxic T cells in the cajcrity of 
pecple in a population, advantageously contains a 
mixture of peptides, each recognized ty a distinct 
HIA Class I type (for instance) such that 
together, the sixture includes peptides that are 
issuncgenic and recognized by Class 1 types of 
Bolecules that, taken together, are expressed by 
the rajcrity cf individuals in a given pcpulatien. 
Table IX shovs exaaples cf described cytotoxic T 
cell epitopes and their HIA restricting elenents,- 
if known, that are the types of peptides that can 
be derivatized by F-sequences and used as a 
mixture vith r-H-S?lO(A} peptides. Alternatively, 
sequences in Table IX can be ccvalently linked C- 
tersi.nal to S?10 sequences in F-Tl-Srio peptides 
instead of (A) sequences and a nixture of P-Tl- 
S?10{X) peptides used as an AIDS vaccine (in the 
formulation r-Tl-S?iO(X) , X is either an (A) 
sequence (see Tables II and VIII) or ether 
cytotoxic T cell-inducing sequence such as are 
listed in Table IX). 
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»• sasa conaldarations of )!HC 
restriction that apply to I cytotoxic epitopes 
also apply t T helper epitopes. That is, 
recognition of antigens by T helper cells Is HIA 
restricted and for the majority of aeabers of a 
population cohort to respond to an laaunogen and 
gencrata a T helper call response to the 
isBunogen, sufficient T helper cell epitopes vlll 
need to be present in order to have availahla 
sufficient varieties of t helper epitopes within 
which each patients' t cells aay be able to sea 
processed antigen in the context of their ovn HIA 
Class II aolecules. Table X shews T helper cell 
epitopes of HIV proteins that an be substituted 
for the Tl or T2 sequences in the F-Th-S?10(X) 
construct to provide alternative T helper cell 
epitopes in the construct. 
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T Call Helper Epitopes in HIV Prctalns 



Protgln Besocndina 



Peptida 


Arino 




Xcid 


gp4i-i 


603-614 




609-620 




655*667 




737-749 


gp4W 


534-609 


gp 120-1 


108-119 


gpl20-2 


115*126 


gpl30-4 


296-312 


9P120-5 


363-377 


g?120-6 


74-35 


gp 120-7 


233-241 


p24-l 


466-473 


P24-2 


439-446 


p24-3 


223-235 


P24-4 


22-29 


P24-11 


232-301 


pol-1 


899-913 


pol-2 


923-937 


pcl-3 


942-954 


pcl-4 


720-730 


Tl 


423-443 


T2 


112-124 


TdA 


834-343 


pia 


315-329 



gp41-l + gp41-2 + gp41-3 
pol-1 + pol-2 + pol-3 
gp41-l +^41-3 + pol-1 + 
T1+T2 



g?4i 


41 


gp4i 


42 


gp4i 


33 


gp4l 


21 


gp4i 


24 


9pl20 


31 


gpi20 


33 


gpiso 


14 


gpi20 


21 


gpl20 


7 


gpi20 


7 


p24 


14 


p24 


14 


P24 


14 


P24 


14 


P24 


24 


pol 


28 


Fol 


33 


Fol 


43 


pol 


35 


g?120 


77 


cpl20 


54 


5r41 


75 


9?120 


50 




80 




80 


Fcl-2 


93 




85 



Sequences frc= the first 20 peptides aiove are 

l9o9J and sequences Tl, T2, Th4 and p 18 are 
frc= Cleric! et al f Mature 339 :3a3-3«5, 1989). - 

Studies indicate that the sase T helper 
cell epitope say be rececnized by T cells in the 
context of multiple KIA Class II specificities 
and, therefore, only a fev T helper epitopes are 
needed to forsulate an effective synthetic peptide 
based AIDS vaccine. Clerici et al f Vaturn 
339:383-385, 1939) have provided data that T cells 
of 85* of the population studied could recognize 
either T2 or Tl T helper cell epitopes (see Table 
X). Schrier et al tJ. Trjtunol. 142:116fi-H7s, 
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198SJ have identified a nuah^r of helper T call 
epitopes in HIV proteins and dercnstritad that T 
cells of 93* of the population studied responded 
to at least 1 of 4 T helper call epitopes (see 
Table X). 

Thus, in a preferred esiodizent, the AIDS 
vaccine of the present invention has the general 
atructxire and cosposition of mixtures of peptides 
of the fcr::ulation: 

F-Th-S?10(X) 
Th-S?10(X) 
Th-S?10 
and 
F(X) 

where, as indicated above^ P sequences are froa 
the putative fuscgenic doaain of HIV env gp41 (for 
example, a=ino acids SlS-530 in KIV isolate 
BKIO/IIIS or hcrologcus regions in other HIV-l, 
KlV-2 or SIV isclates, or sequences functionally 
equivalent thereto) (see, for exaaple, Table 
VII) ; Th sequences are either the Tl cr T2 T 
helper epitcpes or alternatively are any of the T 
helper cell epitopes listed in Table X or aaino 
acid sequences free other regions of KIV proteins 
not listed but that function as T helper epitopes, 
S?10-lijte sequences are froa Tables I, II or YIII 
or froa any S?10-li}ce sequence froa HIV field 
isolates (see, for exaaple, LaRosa, C. et al. 
Science 249:932-935, 1990); and (X) sequences are 
HIV protein sequences recognized by KHC Class I or 
Class II restricted cytotoxic T cells. Ixanples 
of (X) rcglcn sequences are given in Tables VIll 
and IX. 

The exact sequences to be included in the 
r-Th-S?10(X), Th-S?10(X), Th-S?10 and F(X) 
peptides and the nuaber of different peptides 
coaprising the AIDS vaccine of the invention la 
determined by the nuaber of cytotoxic T cell (X) 
and Th epitopes needed to induce cytotoxic T cells 
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and T helper cell responses in the sajority oi 
subjects in a given population cohort. One 
skilled in the art vill appreciate that the order 
of P, Th, s?io and (X) can vary as Ion? as the 
above-indicated function of each is retained. For 
the induction of protective anti-HIV ncutralixing 
antibodies, the specific S?10-li)ca setTuences 
necessary to be present in P-Th-S?10(X) peptides 
vill depend upon the nuaber of variations cf HIV 
isolates in a given population at a given tise. 
One skilled in the art vill appreciate that this 
information vill need to be actively and 
continuously ccnitored in the population and the 
formulation of the AIDS vaccine changed frcs ti=e 
to tire depending cn chances in the above 
variables. 

The incucricn cf protective anti-K~V 
neutralizing ancibcciss in pcpulations chat include a 
number of different EIV isolates can effected usinc 
the vaccine strategy described above and/or by 
errolcying at least one peptics construct that miyTLics a 
conserved conf orsiaticnal determinant cf g?120 cine thus 
is capable of inducing broadly cross -reactive anti-HIV 
antibodies. One such construct takes the fcr^i cf a 
mimeotope of a conformational determinant of the native 
HIV cpi20 C4-V3 region and is exemplified by Tl- 
S?10CANO{A) (see Table XXIII) . While the primarv- V3 
sequence of the CANO envelope is widely disparate from 
other KIV envelop V3 sequences (see again Table XXIII), 
the Tl-SPIOCANO(A) peptide induces cross-reactive anti- 
V3 antibodies against a variety of HIV V3 motifs (see 
Example 11) . This induction of cross -reactivity is due 
to secondary and higher order structures cf the V3 Iccp 
of the EIV CANO isolate that result in the Tl- 
S?10CANO(A) C4-V3 hybrid mirroring a broadly 
neutraliiing determinant of HIV cpi20. This is 
demonstrated by the fact that the human anti-gpl20 
mcncclonal antibody 43d (which blocks mouse mcncclcnal 
antibcdies that prevent CD4 binding to gpl20 but dees 
net itself block cpl20-CD4 binding (Thali et al, J. 
Virol. 67:3r7S-39cS (1993)1 binds T1-S?10OlM0 (A) . 
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As an alternative eabodiaent (strata^), 
an affective vaccine can be foraulatei by 
determining the HlA Class 1 and Class u types for 
* particular individual by, for exaaple, either 
polyserase chain reaction analysis or bv 
conventional HIA tissue typing analysis*. Based on 
that Infcrzation, the specific iaaunc^ans that 
need to be included in the P-Th-S?lO (X) , Th- 
S?10(X), Th-sPlO and 7(X) for=ulaticn can be 
deter=ined. Thus, in this latter eabcdirsnt, the 
peptides given to the subject are these necessary 
for eliciting the desired anti-Hiy B »nd T cell 
responses. 

rrc= a reading of the foregcinc, one 
sUlled in the art vill appreciate t.hat'this is a 
general strategy for developnent of a vaccine for 
any infectious disease. Moreover, the ability to 
conjugate the P-regicn fron the HIV g4i envelope 
protein to any sequence capable of being 
recognized by cytotoxic T cells (thereby creating 
a linear peptide suitable for injectisn and 
capable of being recognized by cytotoxic T cells 
in the context of HHC Class I molecules) provides 
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a sispla and efrective sethod of inducing K-iC 
Clasa 1 raatrlctad cytotoxic T calls to any 
peptide bearing c/totoxic T call epitspaa.. This 
is the case regardless of vhether the saquanca of 
the cytotoxic T call epitope is derived from 
proteins in an invading organisa or vhether the 
cytotoxic T call epitope sequences are derived 
frca host proteins. 

As an exaaple of the use of F-darivatised 
peptides that include sequences froo host 
proteins, it is contaaplated that F-derivatized 
peptides can be used cocprlsing KIV gp4i ? 
sequences (for exanple, aaino acids 519-530 froa 
the BK10/II13 HIV-l isolate or frca hcrclogcus 
regions of other Hr/-1, KIV-2 or SIV Isclates, or 
sequences functionally equivalent thereto) 
conjugated either H- or C-terainal to peptides 
capable of being recognized by cytotoxic T cells 
in the context ei KHC Class 1 or Class II, the 
sequences for such peptides being derived frcs the 
variable region of T cell receptor for antigen 
(TCS) Bolecules expressed on the surface of 
autoreactive T cells that aediate host tissue 
destruction in varices autoi=une diseases. 
Infectious diseases and in the setting ci organ 
transplantation. 

Sun et al (l£aiar£ 332:843, 1988; Tar. 
J. Ipnauno] . 18:1993, 1938) have reported the 
Isolation of cytotoxic T cell clones that are 
specific fcr idiotypic deterainants on 
encephalltcgenic T cells and vhlch adoptively 
transfer resistance to experlaental autoiaaune 
encephaloayelitis. The concept of iasunization of 
subjects vith autoiaaune disease with i=unogens 
that vould induce an iaaune response against the 
autoiaaune clone of T cells has recently been 
recognized as an laportant experisental approach 
(aevieved on Cohen et al IaauL£i^_iodav 332, 1988; 
Eowell et al S^iSSSS. 246:663, 1939; Kralth et al ' 
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£fill 57:709, 1989). Thus, th« present invention 
provides * alsple and effective method for 
inducing >CiC-raatricted Class I or class II 
cytotoxic T calls to peptides of host antigens and 
thus represents a cajor advance in the developaent 
of vaccines for autoissune disease. 

Using standard reccsbinant DHA techniques 
and existing probes and sequences for TCR molecule 
antigen binding regions, sequences can be obtained 
froa unique regions of the TCR Bolecules (Bams et 
^1 Jt gXPrJlsli, 169:27, 1989). P-derivatized 
peptides can be used to induce a cytotoxic T cell 
.ianune response targeted to the specific clones of 
T cells bearing ids responsible for antigen- 
specific T call-Mdiated host tissue darage in the 
abcve diseasa categories ♦ Once induced, such an 
F-?eptide-induced anti-TCR-targeted cytotoxic T 
cell response can eliminate the autoreactive clcne 
or T cells, thereby providing a novel, highly 
specific strategy for the control of T cell- 
mediated tissue destruction. 

X second example of the use of ?• 
derivatized host peptides is to siailarly control 
antibc<ly-zediited tissue darage that occurs in the 
context of autoinruna diseases, infectious 
diseases, and in the setting of organ 
transplantation, B cell surface receptors for 
antigen (surface izzuncglobulin) also contain 
regions that are specific for clones of B cells 
making antibodies. By identifying clones of B 
cells producing antibodies responsible for tissue- 
specific daaage in the setting of the above 
disease categories, the sequence of peptides fron 
the region of the B cell irrunoglobulin fiolecule 
that binds antigen can be identified using, foe 
example, recc=binant DHA techniques. Further, 
sequences capable of inducing HHC Class I or Class 
II cytotoxic T cell responses can be identified. 
By derivatirir.g such an imunoglobulin antigen- 
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binding ragion peptida with 7 set^uer.ces and 
injecting the ?-darlvatired peptide into the 
subject aaking the autoantibody, a cytotoxic T 
call response against an autoantibcdy-producing B 
call can be Induced, thereby eliainating a tissue 
damaging autoantibody response that occurs in th« 
context o£ the above disease categories. 

X third exasple of the use of ?- 
derivatixed non-HIV proteins is the use of the 
principles described above for specific 
elislnation of autoreactive T and B cell types for 
the treataent of clonal B and T cell nalignancies 
that express on their surface clonal 
i=uncglobulln or TCR rolecules. Xr.ti-tuccr 
therapeutic stratecies have been describ-ed that 
esploy antibodies against variable recicns of 
cither B cell surface issuncglobulin aclecules 
(Kasblin et al Cancer 42:4S£, 1S30; 

«ni>.--»^ »1 }t. Tne. J. Med. 306;S17. 1982) or 
antibodies against variable TCR regions in the 
case cf treatment ci T cell fj=ors (TTanagava, 0. 
,T. ■gya. Xed. 170;1S13-1S1$. 1S89) . Thus, ?- 
derivatixed synthetic peptides containing the 
sequences of variable regions of the or 
i=runoglobulin sclecules expressed cn the surface 
cf T or B cell aalignar.t cells respectively, can 
be Injected into the tu=or-bearing host to induce 
anti-T« or anti-i=unoglcbulin-s?ecific cytotoxic 
T cell responses that icill the tuaor cells. 

A fourth exarple of the use of F- 
derlvatlxcd non-HIV proteins is the creation of an 
iaaunogen that kills pathoger.-inf ected cells and 
thus facilitates the ellaination of pathogen- 
infected cells froa the host. Por exaaple. 
Hepatitis C (non-X, non-3 hepatitis) is a disease 
that is caused by the transfer of viral particles 
in cells or in serjs froa one individual to 
another. By F-derlvatlzlng cytotoxic T cell 
epitope sequences f t.\e Hepatitis C virus protein 
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and injecting «uch ae<5penc«a into individuals, 
acsory anti-Kepatitia C gpecific cytotoxic T call 
responses can be induced that protect the 
individual fron infection vith live Hepatitis C 
vims, thus providing a novel Hepatitis C vaccine. 
Such a strategy can also be used to create a 
vaccine for other infectious pathogens • 
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Much of the foregoing disclosure focusses on the design of T 
helper cell epitope (Th) -B cell epitope (B) peptides derived from 
non- continuous regions of HIV gpl20 (Palker et al, J. Immunol. 
142:3512-3619 (1989); Haynes et al, J, Immunol. 151:1646-1653 
(1993)). The Tl epitope from the gpl20 C4 region has served as a 
potent Th epitope in Th-B synthetic peptide design (Palker et al, 
J. Immunol. 142:3612-3619 (1989); Cease et al, Proc. Natl. Acad. 
Sci. USA 84:4249-4253 (1987)} (see Table XXVIII). A region from 
aa 262-281 from HIV p24 core protein, YKRWIILGLNKIVRMYS 
(designated GTHl in Table XXVIII), has been reported to be a 
potent cytotoxic T cell determinant (Johnson et al, J. Immunol. 
147:1512-1521 (1991); Nixon et al. Nature 336:484-486 (1988); 
Meyerhans et al, Eur. J. Immunol. 21:2637-2640 (1991) and a Th 
determinant (Mills et al. Vaccines 90:213 (1990)). The presently 
described embodiment relates to a polyvalent mixture of synthetic 
peptides that are highly immujiogenic and that induce antibodies 
against native HIV env gpl20 or gp41. 

The present embodiment results, at least in part, from the 
realization that immunogenic peptides reflective of points of 
contact between HIV gpl20 and gp41 (termed "gpl20/gp41 
touchpoints") together provide antibodies against multiple sites 
on native gpl20 and gp41, and thereby facilitate the dissociation 
of gp41 and gpl20. Dissociation of gp4l and gpl20 promotes the 
neutralization of HIV primary isolates by these antibodies. 

A number of sites have been identified on gpl20 or gp41 that 
are involved in, or regulate, the interactions of gpl20 with gp41 
(see Figure 31, Table XXVIII) . These sites include: the gpl20 
V3 loop region (Willey, R.L, and Martin, M.A., J. Virol. 67:3639- 
3643 (1993)), the gpl20 C2 region centered around asparagine at 
aa 267 (Willey, R.L. and Martin, M.A., J. Virol. 67:3639-3643 
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(1993)), the C-terminus of gpl20 (Neurath et al. Virology 188:1- 
13 (1992); Schulz et al, Aids Res. Human Retrovirol. 8:lS7i-i580 

(1992) ; Lopalco et al. Aids Res. Human Retrovirol. 9:33-39 

(1993) ; Lopalco et al, Eur. j. Immunol. 23:2016-2021 (1993)), and 
a region of gp41 centered around the aa sequence AVERY (Reitz et 
al. Cell 54:57-63 (1988); Neurath et al. Virology 188:1-13 
(1992); Schulz et al. Aids Res. Human Retrovirol. 8:157l-iS80 

(1992) ; Lopalco et al. Aids Res. Human Retrovirol. 9:33-39 

(1993) ). The "AVERY" region of gp41 has been demonstrated to 
interact with the C5 C-terminal region of gpl20 (Neurath et al , 
Virology 188:1-13 (1992); Schulz et al. Aids Res. Human 
Retrovirol. 8:1571-1580 (1992); Lopalco et al. Aids Res. Human 
Retrovirol. 9:33-39 (1993)) and A. Beretta has reported that 
antibodies against the C5 gpi20 region can "loosen" the 
gp41/gpi20 interaction and thereby inactivate HIV (Fust et al, 
Immunol. Today 16:167-169 (1995)). Whether the C-terminus of 
gpl20 by itself induces anti-HIV neutralizing antibodies is 
controversial. Some investigators have found anti-gpi20 
C-terrainus antibodies neutralize HIV (Broliden et al, Proc. Natl. 
Acad. Sci. USA 89:461-465 (1992); Kennedy et al, J. Biol. Chera. 
262:5769-5774 (1987); Chanh et al, EMBO J. 5:3065-3071 (1986) 
while others have not (Palker et al, Proc. Natl. Acad. Sci. USA 
84:2479-2483 (1987); Laal et al, J. Virol. 68:4001-4008 (1994); 
KarwowsJca et al, AIDS Res. Human Retrovirol. 8:1099-1106 (1992); 
Vahlne et al, Proc. Natl. Acad. Sci. USA 88:10744-10748 (1991)). 

An important new region for neutralizing both laboratory- 
adapted and primary HIV isolates is located in gp41 near the 
membrane spanning region, containing t.he seque.nce, ELDKWAS 
(Muster et al, J. Virol. 67:6542-6647 (1993); Conley et al, Proc. 
Natl. Acad. Sci. USA 91:3348-3352 (1994)). Although human 
monoclonal antibodies against this region of gp41 reportedly 
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neutralize primary HIV isolates, this region has been poorly 
immunogenic in humans and animals (Conley et al, Proc. Natl. 
Acad. Sci. USA 91:3348-3352 (1994)), Muster et al (J. Virol. 
69:6678-6686 (1995)) have succeeded in raising anti-ELDKWAS 
antibodies but only after expressing the ELDKWAS sequence in a 
chimeric influenza virus auid using the resulting virus for 
immunization. 

The peptides listed in Table XXVIII are against certain HIV 
strains (HIV MN or BAL) . For effective neutralization of HIV 
primary isolates, it is advantageous, for each peptide 
specificity, to also construct peptides reflective of known 
mutations in the indicated epitope. Such a listing can be found 
in the current Los Alamos Database (G, Myers and B. Korber, Eds. 
1993 , Los Alamos National Laboratory, Los Alamos, NM) , portions 
of that information also being accessible through Genbank) . Table 
XXIX described a peptide combination that induces ant i -HIV 
antibody responses that synergize in neutralizing HIV laboratory 
and clinical isolates. 
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TABLE XXIX 

Peptide Combination that Induces Anti^ilV Antibody Responses that Syneraize 
in Neutralizing HIV Laboratoiy and CBnical Isoiatss. 

GTH1^P10(A) OR T1-SP10(A) (TO INDUCE ANn^p120 V3 REGION ANTIBODIES) 
GTH1^P61 (TO INDUCE ANT1-EL0KWASgp41 REGION ANTIBODIES) 
SP400 (TO INDUCE ANTl^VERY REGION gp41 ANTIBODIES) 
SP-410 (TO INDUCE ANTICS REGION gp120 ANTIBODIES) 
T1-SP420 or GTH1-SP420 (To Induce Anti-C2 gp120 Region Antibodies) 
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The followia? acnliniting exaaples 
Illustrate the Inventicn In acre detail. 

CXAM?L£ 1 
Synthesis of Peptides ar.d 
PreseratLcg cf Ccn-<ucates 

Synthetic essjncially pure peptides 
ccftcainin? hydccphiUc asLac acid saqyer.css frss the 
S7iV-:rr- env«lcpe ^lyecprseeir. c?120 (Rataer, et 
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al. Kature/ 313:277, 1985) vcre synthesized on an 
Applied Blosysteos 430A peptide synthesiser using 
cheflical and prograa cycles supplied by t>.e 
ffianufacturtr. Sequences of synthetic peptides are 
Siven in Table 

TABLE XI 



SYHTHETIC PEPTIDES WITH SYDROFHILIC AMIKO ACID 
SEQUENCES OP ETLV-IIIa EKVELCPE P?.Cr£IN 



Synthetic 


Anino Acid 


Silence* 


Peptide 


Huober* 




S?-l 


80-91 


ACV?TC?N?CEV(Y) 


10 


303-321 




lOA 


328-344 


( r }GXIGHK.^OAHCH I S RAJC 


11 


341-363 


( X ) SJL^XVNMTLKQ I OSXLRSOFGNN ( C ) 


14 


393-421 


( Y ) SSTQLFNSrrfFHSrrfSTXCSJlWriGSOt I ( C ) 


IS 


461-475 


{?)LI?.CGGNSMN£«IIf(C) 


22 


504-518 


A.-TXAX5J' WQR£X5. ( C ) 



According to Ratner e:. al., Natucjt, 313:277, 1985. 



^Aainc acids in parentheses were added for icdination of 
peptide (Y] and coupling to carrier protein (C). 

The relationship cl the peptides 
synthesized to known recsabinant proteins PE3, PSI 
and PZ>IV9 is shown in Figure 1 (Putney e: al., 
Science , 234:1392, 198fi; Petteway et al., Viruses 
and Human Cancer; DCLA Svaocsia on Xolecular and 
Cellular Biolc<;y 1987). 

Peptides were conjugatac to carrier 
aolecules such as bovine ser-;s albunin (3SA) or 
tetanus toxoid (TT) with K3S, as described by Green 
et al. (Cell, 23:477, 1932; PalXer et al, Proc, 
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Mabl, Acad, Sci. (OSA) 84J2479, 1987), For the 
coupling procedure, 24 eg cf tetanus toxcld (for 
example] In O.S al o£ phosphate buffered saline, pE 
7.2, vas Incubated vlth I mg of MBS dissolved in 
lOOyl of dlmethylforaaaide for 1 hr, at 23»C. 
Tetanus toxoid treated vith KES ITT-M3S) vas thea 
subjected to sieving chromatography on a PO-IO 
(Fharaacla) colunm to resove unreacted HSS froa TT* 
HrS, and fractions containing T7-K5S were recovered 
i;i the void voluse of the coluan as determined by 
scectrophotcmetric assay at an optical density of 
230 na. TT-MSS vas then Incubated vlth recking at 
23*C for 3 hr* vith 6-S ac cf synthetic peptide 
(aclar ratio 30:1, peptide carrier protein) In P3S 
containing reduced cysteine at either the carbcxyl 
or aalno teralnus. TT^peptlde conjugates were 
dialyzed overnight at 4»C against PSS or again 
desalted on a FD-10 coluan and were used as an 
Irjsunogen. 

Conjuceticn'o! peptides to ESA or tetanus 
tcsoid was monitcred by subjecting conjugates to 
sodium dodecylsulffate-pclyacrylaalde gel 
electrophoresis (SOS-?ACIJ under non-reducing 
conditions and by measuring the Increase In apparent 
mclecular weights over that of ESA and TT treated 
with HSS. Coupling efficiencies also monitored by 
trace lodinatlcn of peptides varied from 10-301 
depending on the peptide. 

EXAMPLI 2 

Reactivity of AIDS Patient Antibodies 
To Synthetic Peptides 

Synthetic pepzides derived frcm hydrcphlllc 
regions of gpl20 coupled to ESA were used as 
antigens In a radioim.-nuncassay (RIA) with EIV> 
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paticAt sera (N^l}] and nocaal se:um cantrol (Ms4}# 
to evaluate the AIDS patient antibody response to 
epitopes on gpl20 (Figure 2) (Palker et al^ Jj^ 
Iaaunol > 136:2393, 1986; ibid, Prce. Hat'l> Acad> 
Sci fOSAl , 84:2479, 1987). The majority of Em 
patient sera reacted with two synthetic peptides, 
S?-lfl (9/12, 75\) and SP-22 (8/12, 67%). 

Results are expressed as a ratio (S/C) of 
duplicate cpm values obtained with experisental (E) 
AIDS sera and control (C) serum samples. E/C > 3.0 » 
positive. 

EXAMPLE 3 

Reactivity of cdI2Q to Antibodies free £IV-^ Patient 
furigied Over Synthetic Peptide Affinity Columns 

For preparation oJ affinity columns, 
synthetic peptides containing aaino acid se<^ences 
frca ETLV-IIIg gpl20 (SP-10, lOA, 11, 14, IS, 22, 
see Figure 1) were coupled to BSA and then 
covalently linked to CHBr-activated Sepharose. 
Serus alicuots (2al) frco an EIV seropositive 
patient were then passed over each column and the 
antibcdies that bound to the affinity columns were 
then tested for reactivity to purified ^^^I-labelled 
ETLV-Zllg g?120 in RI? assay (Figure 3A) and for 
reactivity to the surface of E-S cells infected with 
BTLV-Ill- in indirect isaaunoflucrescencs assays 
(Figure 3B). 

A) In RI? assay (PalJcer ct al., Prcc. 
Mat*l. Acad. Sci (OSA) 84:2479, 1987; ibid, 
Immunol . 136:2393, 1986), bound antibodies from the 
SP-10 (lane 1), SP-lOA (lane 2), SP-11 (lane 3), and 
S?-22 (lane 6) affinity columns reacted with g?120- 
Iltg in RI? assay, with antibodies from the SP-10 
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caluxan showing the greatest reactivity to 5?I20- 

Ilia. 

8) Khen tested in PACS analysis (Shapiro^ 
Practiced Pipy CvtoaigtrY ^ Alan R. Liss Pub., m, NY, 
1985}, antibodies reactive with synthetic peptide 
SP-10 bound to the surface of HIV-infected cells 
while binding of affinity purified antibodies to S?- 
14 or to SP-IOA. 11, IS or 22 (not shown) vas not 
detected. These data suggest that the antigenic 
s.ite(s) defined by S?-10 are accessible to antibody 
binding when gFl20 is present on the surface of EIV+ 
cells. 

£XA-M?L£ 4 

Neutrali gaticn cf EIV bv Coat Ar.tL-S?-lQ Antisera 

Goats were irjsunize^ subcutancously with 
28mg of tetanus toxoid S?-10 conjugates (SP-IO-TT) 
in Freunds ccaplete adjuvant (days 0] follcved by 
biweekly inoculations in inccaplete freunds adjuvant 
(days 14 and 22). Serum samples were collected 
after the second immunization and tested for the 
ability to inhibit (i.e. neutralize) EIV infection * 
of E-9 T cells in vitro as measured by the presence 
of reverse transcriptase (RT) activity in cell 
culture supernatants (figure 4). Decreased com 
values obtained in RT assays reflect decreased 
levels of EIV after cccultiva:icn of virus and cells 
for 10 days. 

When pre-incubated with 100 infectious 
units of ETLV-nig, goat anti-S?-10 antiserum 
neutralized the ability of HIV isolate ETLV-rilg to 
infect E-3 T cells (• - 50\ neucralizaticn titer 
' 1/145). In contrast, serur collected frcs the 
same goat prior to imauniiation did net appreciably 



i 
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neutralize ETLV-Illg (0-0, SOt neutralization titer 
» 1/lS). 

The original anicial injected vith S?-10-TT 
(whose aerua neutralized ETLV-ZIZ^ in reverse 
transcriptase assay) was subse^iently injected with 
additional doses ot S?*10-TT (O.S ogAs body 
veigbt). The 50% neutralization titer rcse to 
1:1600 after two injections, Heutralization data 
free these and other experiments with S?-10-like 
peptides are shown in Table XII as th&^ser;:si 
dilutions that result in 80\ rather than 19\ 
neutralizations of EIV. 

In addition, a second gcat was injected 
twice with O.S bsAs doses of S?-10-TT. Serura frca 
the second goat neutralized ETLV-IIIg at a titer of 
1:100. lapoctantly, both sera against S?-10-TT 
raised in gcats also inhibited ETLV-IIIg infectivity 
of T cells in the syncytius-inhibition assay (Table 
XII) . 

The syncytiua-inhibition assay (Lifscn ct 
al., nature 323:725, 1986) ceasuces the ability of 
antibodies to inhibit the fusion of HIV-infected T 
cells, these expressing EIV gpl20 envelope protein . 
on the cell surface, with CD4 (T4)+ uninfected T 
cells. The CD4 (T4) molecule serves as the receptor 
for the AIDS virus (Madden et al.. Cell 47:333, 
1986). The result of fusion of these twc cell types 
is the foraation of giant cells that are infected 
with EIV. In many instances, the result cf HIV 
infection of cells and giant cell formation is death 
of the infected cell (Zagary et al.. Science 
231:850, 1986)« 
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Therefore, the above-described ability c£ 
gcat antl-S?-10 sera to inhibit ETLV-IIIg 
ia£ectivity in the syncytiua inhibition assay and in 
the reverse transcriptase assay, Indicated that 
anti-S?-10 antibodies are capable of blocking the 
binding of HIV gpl20 protein to T cell CD4 (T4) 
aoleciles. In addition, gcat antiserum raised to a 
peptide lS?-lfl Rr(A)l containing S?-10-li:ce sequence 
from HIV Isolate ETLV-III-^:» inhibited syncytium 
formation by ETLV-III-,. but net by ETLV-III-, 
Indicating that type-specific antigens ccntained in 
SP-10 9S[k) are suitable as vaccine compcnents to 
raise antibcdics that inhibit the interaction of 
ETLV-lIIj^ gpl20 and T cell CD4 (14) molecules. 

EXA.K?LE 5 

Induction of Antibcdies Capable of 
Inhibiting HIV cal20-CD4 (T4) Interactions 

A series of studies were undertaken to 
determine I) whether the S?-10 peptide ccnjugated 
either to bovine albumin or to tetanus toxoid, 
exerted any inhibitory effect on antigen-specific, 
CD4 (T4) dependent, T cell responses in vitro ; and 
2) whether the anti-S?-10 antiserum {described in 
Example 4) bound to human white blood cell 
populations not infected with HIV. 

When the S?-10 peptide was added directly 
in vitro human uninfected peripheral bleed 
lymphocyte cultures stimulated with tetanus toxoid, 
no inhibition of normal T cell response to tetanus 
toxoid was observed (Table XIII). 



wo 97/14436 



PCT/US96/16911 



44 



T4ble XIII 



S?-10-TI Mni 8?-I0«ISA DO HOT IXHItlT 
AHHCCH S?eciriC P10UFC3UTm USKUSU 
or BCRKAL EUKAH PE2IPSC3UL BLOOD LnPSCCYTIS 



AadicLve to 

Perl;he74l Bleoa Ex?. Ho^ I tsj. Ho. 2 

Culcace . 



C?M X 10^ Lynohocyto 



K«<Iii Alcne 3,900 3,100 

TT AUoe (1:3:) 173,000 61,000 

s?-io-rr xunt 215,500 100, 400 

$?-lC-rr (lat^sl) ♦ 269,500 9^,400 
r: (1:32) 

S?-lO-aSA AUftc 8,500 ^ 35,aoo 
(Ux/ol) 

SP-IO-JSA (Isj/ol) ♦ 262,900 U4,200 
r: (1:32) 



TTste:4Rus tasoLa (Vjcch Laboracorlcs, PhiU^elphU, Pa.), SSA-boviae serua 
albusla. 

C?M « causes per minuet of criciaces chynldine iflcdrporiclon as 
^escribe^ (Deoniaj tc al J. lagunol. 133:630, 1987). 
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Aa se«a in Table XIII, SP-lO-TT alone was 
gocd an antigen-specific T cell activator as TT 
alone. Morecver SP-IO-TT and S?-10-aSA when added 
to TT alone did not inhibit TT induced proliferation 
by floraal T cells. In addition, anti-S?-10 gcat 
serua did not bind to peripheral blood lysphocytes 
or aonocytes in indirect laaunof luorescesee assay 
wing flow cytofluoroffletry. 

These data indicate that the S?-10 peptide 
dees not perturb normal huaan T cell function that 
is dependent en a functional CD4 (T4) mclscule but 
dees induce antibodies that will Inhibit EIV e?l20- 
CDi (T4) interactions and neutralize EaV In reverse 
transcriptase inhibition assays. 

Thus, vaccines ceopriiiag the s=all 
synthetic S?-10-li5ce peptides (less than cr e^ual to 
about 35 aninc acids in length) have distinct 
advantages ever EIV vaccines cctsprising recccbinant 
c?120, cr large subunits thereof, as the latter may 
interfere with normal Inraune function. 

£XA.M?L£ 6 

Isolate scecifie neutralization cf EZV 

Synthetic peptide S?-10 has an aaino acid 
secuence derived frco and unique to the g?120 
envelope protein of HIV isolates ETLV-Iilg and LAV, 
while other EIV isolates have varying degress of 
differing amino acid sequences in their S?-10-like 
g?120 envelope proteins. Synthetic peptide S?-10 
(that is, S?-10-liig) free t.he E7LV-III- isolate of 
EIV was coupled to tetanus toxoid and used to raise 
an:ibcdies in geats (0.3 eg ef conjugate per kg goat 
body weight) as described by Palker et al. (?roc. 
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Hat'l. Acad . Sei, (USX) I4i247^. lowTj ccat 
antibodies raised ta synthetic peptide S?-10 were 
tested for the^ ability to neutralize four different 
EIV isolates (Vig. 5A: BTLV-lIIa, Fig. 5S: ETLV- 
Illar, Fis. 5C: ETLV-III^, plg. 50: HTLV-IIIsj.). 
Goat anti-S?-10 antiserua (i, pre-iaaune goat serua 
(OJ and AIDS patient serua {») all at a I/IO 
dilution were first incubated with diluticns {10"^, 
10*2, 15-3^ g^gjj y^.y^ isolate. Next, these 
virus isolates were tested to: the ability to infect 
E-9 T cells by cccultivaticn cC virus and cells for 
iO days in vitro. Levels of EZV present in cell 
culture supernatants after 10 days in culture were 
estimated by teasurinc R? activity in ^urernatants, 
and results are expressed as c?a values cbtained in 
R? assay. Increased c?e values in R? assay reflect 
increased levels of EIV in culture. 

As shewn In Fig. 5A, gcat anti-S?-10 
antiserua inhibited (i.e. neutralized) Er-V-IIIg 
infection of E-S cells at a virus dilutic*. of 
10'2. Pre-issu.-.e gcat serum did not inhibit E'LV- 
irig infection at t.>Je saae dilution of virus. In 
contrast, gcat anti-S?-10 antiserua did net 
neutralize other isolates of EIV (Figs. S B-9}. 
AIDS patient a.-.tibcdies neutralized all fcur 
isolates of BIV (Figs. 5 A-D) The data ir.dicate 
t.hat gcat antiserua tc synthetic peptide S?-10 
neutralizes the HTLV-illg isolate that ccr.tains in 
its gpl20 envelope pcctein the anino acid sequence 
present in S?-10. These data, along with data in 
Table XII, indicate that a vaccine comprising S?-10- 
liJce aaino acid seque.-.css frca a variety cf HIV 
isolates will be effective against a wide spectrua 
cf ETf isolates. 
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Blndino of Goat Anfcl-s?-iQ seru= Ta 
BTLV-III^ - But Hot To ETLV-ITT. ., 
Infected E9 T Cella 

The reactivity c£ goat anti-S?-lfl serua and 
autolcgous prebleed control «ru= were ccacared en 
e:t..er uninfected E9 T cells, E9 T cell, lifected 
vuh szv Isolate ETLV-rir., cr E9 T cells Infected 
yith EIV isolate BTLV-Ii:.,. usiftj ji^^ 
cytoCluoccisetry and a Coulter E?ics V 
cytofluoccgraph (Eaynes, r.-a«unel. S7: 127, 

im; Eaynes et al., Nev gnc. J. m^<» 304:319, 

Goat anti-S?-10 seru= (1:200) reacted with 
m of ETLV-Ili^-infected E9 T cell, cccpaced to 
ETLV-Ilij-infected E9 cells incubated with control - 
(prebleed) goat serua (1:200) (Figure «A). Heither 
scat anti-S?-10 nor contrcl (prebleed) serum (1:S0) 
reacted with noninfected E5 T cells (figure 63) 
Neither control (prebleed) nor anti-S?-10 serus 
(1:50) bound to E9 T cells infected with the ETC7- 
nigj. isolate of EIV (Figure 6C). 
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In order to develop a synthetic peptide 
i=uno9en that Induces cytotoxic T cell responses 
to HIV in addition to inducing neutralizing 
antibody and T helper cell responses, a series of 
peptides were prepared reflective of regions of 
the Kiv >£K isolate that have included therein a 
'defined cytotoxic T cell epitope (see Table III) . 
These studies vere performed vith the HN HIV 
isolate since it appears that this is the acst 
csascn prctotypic virus in the CS at present (La 
Rosa et al Science 249:932, 1990). : 

TaXahashi et al. f Science 24£:118, 1989) 
have defined a cytotoxic T cell (CTL) epitope that 
includes aaino acids 322-326 (FYTTX) frcs the KH 
KIV isolate and includes aaino acids 323-329 of 
the EIVIII3 isolates (see Table IV) (TaXahashi et 
al J, 'Kft^. 170:2023, 1989). Thus, one Tl- 

S?io variant peptide nade vas the T1-S?10XN(A) 
peptide vith the (A) signifying that aaino acids 
322-326 vere added to the existing KH S?10 region ' 
cf aaino acids 303-321 (see Table III) . Secondly, 
to sake a synthetic peptide that oight insert into 
the cell aesbrane of antigen-presenting cells and 
therefore pote.ntially be processed and expressed 
via HHC Class I aolecules and therefore be 
recognized by CDa+ CTL, the first 12 aaino acids 
of the gp41 HIV envelope protein (aaino acids 519- 
530 AVGIGALFLCFL in HIV isolate BH10/III3) vere 
covalently linked H-terainal to Tl-SPlO peptides. 
These aaino acids (519-530) of HIV gp41 are highly 
hydrophobic. They have been postulated to be the 
P'i=4^/ aaino acids that are capable cf i.-iserting 
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Inta lipid >ie=branea and to play a rola in tta 
ability a HIV to induca call fusion (Brassaur et 
al AIDS Bea. Ru».. PAtr^nt,<^^i , iggjj . 

Peptides with this 12 asino acid gp4i sa^enca 
hava the prefix F- before the naae of the peptide 
(7 for tuso^enic region) (see Tables III and IV) . 
Bosch et al (ggj^ng^ 244!«94, 1989) have 
desonstrated that the hoaologous region in SIV 
(CVTVifiFMTiATAC) to the p region In HIV 
(AVCIGAL?M?L) is indeed the SIV fusion envelope 
peptide. Thus, it vas postulated that p- 
tferivatiied peptides might also insert into 
antigen presenting cell acabranes, the P- 
derivatized peptides vculd be Intamalired and 
COS* HKc Class I restricted CTL vould be generated 
la vlv£ fcllcvinc laaur.ization vith F-derivatized 
peptides. (Deres et al (Jiaijirs 342:561, 1989) 
have shcvn the conjugation of a fatty acid 

tri?al=itcyl-S-glycerylcysteinyl-seryl-serine 
aoiety to synthetic peptides can proEote synthetic 
peptide processing and prese.itation in the context 
cf KHC Class 1 rclecules and lead to generation of 
C08r CTL Id vivg .) 

A series of studies vere perforsed in 
Ealb/c Eice vith the KH series of Tl-SPlO peptides 
(Table III) to coapare their ability to induce 
anti-peptide antibodies (see Figure 7) , to coapare 
their ability to induce anti-HIV neutralizing * 
a.-jtibodies (Figure 8), and to deteraine if any of 
these peptides could induce KKC Class I restricted 
C08 CTL vhen injected in aice In vivo (Tables XIV 
a.-.d XV). 
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TA2LX XIV 



AaiLm OP ?-n-s?iCKH{A} peptidb to 

Dffioca Mss oAss i-jiEsmrcTBD cce* cncioxic t cells 

ajOH a Balb/c KIC2 



Tac9«t Cell (Qaai I 7yp«} 



% Specific 5»Cr Stleaae 
«& 50:1 E/7 Katie 



tSl-78y (82^) 


0 


oca. 7 
3 


^ 

2 


Tl-S?10»f(AJ + LSl-TSY {H2*) 


33 


47 


23 




3 


3 


4 


T1-SP1CWIO.J ♦ SA (H2*l 


2 


4 


3 


T1-S?1»CICAJ ♦ L51-7ST * C 


32 


no 


SD 


T1-S?10>!HCX) ♦ L«l-7rf • Tir/l.l + C 


4 




JS3 


T1-S?10«ICA1 ♦ LSl'in + Lj-:J.2{G«) ♦ c 


0 


» 


ID 


.T1-S?10MI(AJ ♦ tSl-7ev 4.1'2.4(CD4) + C* 


24 




MP 



Soluble ?-Tl-S?10XK(A) peptide (lO^g) in P3S vas 
injected subcutaneous ly in Belb/c mice in conplete 
?reund»fi adjuvant (1st injection) and then 
incomplete Freund's adjuvant (2nd through 5th 
injections) . 

Effector cells vere splenccytes of ifflsunized 
aniials grcvn for 7 days In vitro with 25pg/al 7- 
T1-5?10KH(A) peptide in conplete T cell cedia 
(Takahashi et al. J, T^. K#d. 170:2023, 1939). 
On day 3 cf culture 10^ v/v Con A supernatant vas 
added. - Con A supernatant vas derived frcn Balb/c 
spleen cell stimulated 4 days vith Concanavalin A 
10;ig/sl in conplete T cell nediua (TaJcahashi et 
al. J. Tym, Ked. 170::023, 1939), and the 
supernatants removed and used in activaticn cf 
spleen cytotoxic T cells. 

♦Sxperiaents vith conplesent (C) represent the 
results frcn pooled splenccytes fron 3 nice 
irsuniied vith r-Tl-SrlQHH{A) . 
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TX3L2 r/ 

AStnm 0? T1-5I10>W(AJ P2PTIDS IS LIP03CKO TO 

rsa:c3 wee cas5 i restwctzd cmi^ crrcroxzc t cslls 

BUEia ™ Balb/c KIC3 



T«5et (Class I Typ<) ^ Specific 51cr Jtelew* 

at 50:1 tn lado 



LS1-7W (£C*J 


1£ 


0 


T1-S71C«X{A) -csated L51-7eY (H2*) 


39 


as 


BU cr ltt-12 (K2^)* 


10 


2 


T1«S?IC>01*{AJ -caatad Et4 oc KL-12(E2-)» 


14 


4 


T1-S710^2^{AJ ♦ L51-7ST ♦ C 




27 


T1-S?1CHS{A) ♦ L51-78Y ♦ tyt2.2(C5e> ♦ C 


to 


2 


Tl-SPlOCffA) ♦ L51-7ST -H?? i(C24) + C 




31 



Lipcsores were prepared using Octylglucaalde 7^ 
(O.-g/lo Bl PSS) L-ftl?h4 dicleoyl lecithin, 20 
EC/21, Tl-S?10?O,-(A) peptide and cholesterol 3.1 
cg/sl using standard techniques (Xi=s ct al. 
Eiochesistry 20:833, 1931; Lipcsooe Technology 
Vol. HI Ed. G. Gregcriidis Chapter 14 pp. 205- 
224, 1984. 

Lipcscses containing Tl-S?l0}Gi(A) peptide were 
injected into Ealb/c aice in a total dcsa of lOug 
orTl-S?:OKH(A) peptide in liposcoes in 2 sites 
subcutaneously in cotsplete Preund's adjuvant (1st 
dose) followed by Inccrplete Freund's adjuvant 
(2nd through 5th dcses) . Effector cells were 
splenocytes frcs issunized aniaals prepared and 
shcvn and described in Table XIV. 

*Zxp. 1 used RL-12 targets cells and Exp. 2 used 
1X4 target cells. 

Cengarlsen of the a bility of vartous TT-<;t»19 
M?V.dea to induce antl-ceT»tide a n tibodiga in 
Balb/e 

Pigure 7 shews a conparison of the levels 
of anti-peptide antibody generated in the serua of 
Balb/c Bice after 1, 2 ar.d 3 iaaunizaticna with 10 
M/al of the various peptides. Figure 7 shows that 
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aftar the .econd immunization, addition of either 
t~a (A region or the ? region increased the level 

anti-p,ptlde entibodie, to the Tl-s?^OKH 
peptide in ELISA assay. 



H-v .^J^^^^ * P*'^'^^ Inhibition ot 

ir«frr/"'^- '"'^ ^ the 

an iL '^-'^"^^^ ^-P- 

an.ibcdies that inhibited syncytium for::atlcn by 

greater than 50., 3 o.' 5 animals in the group of 
anima.s injected with r-Tl-sPiOHHfA) had antibody 
levels that neutralized s-/ncraum formation bv 
Sweater than 50* (Figure 8). * 

Vhen injected into Balb/c mice, neithe- 
T.-S?:o.wK peptide nor F-n-S?lo»« peptide induced 
neasurable CTL in Balb/c mice. However, soluble 
?-^l-S?iowH(A) peptide (Table XIV) and Tl- 
S?10«f(A} peptide in llposones (Table XV) vhen 
injected viva were capable of inducing anti- 
HIV CTL in Balb/c mice that killed T1-S?10HN(A) 
coated D' target cells In viv^. Table xr. s'hovs 
«at t..e cytotoxic T cells induced 1„ Salb/c -Ice 
by the soluble F-Tl-S?10>Of{A) peptide la viv^ ve-e 
Thyl+, Ly2 (C08)+. C08.a„ti-Tl-S?10(A) cytotoxic 
T cells killed only B2' targets and did not kill 
H2 targets. Table r/ shcvs that the anti-Ti- 
S?10(A) cytotoxic T cells induced by Tl-s?io{A) 
peptide in liposomes vere CD8+ and HHC c^ass T 
restricted. 
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Thus, by addition of the F sa^^uence and 
the (A) sequence (Table III) to the Tl-SPIOKN 
sequence, it was possible to construct a 52 aainc 
acid peptide '[r-Tl-S?lOHN(A) J capable of inducing 
not only neutralizing antibodies and helper T cell 
responses, but also capable of inducing COS-!* anti- 
HIV HHC Class 1 restricted cytotoxic T cells as 
veil. In addition, KHC Class 1 restricted anti-Hr7 
cytotoxic T cells have been induced jji vivo by a 40 
aaino acid peptide, T1-S?10KK(A) incorpcrated into 
liposomes. 

EXA-MPL2 9 

As has been shewn, the construction of a 
synthetic peptide T1-£?10(A) containing aa303-327 of 
EIV gpl20 V3 loop [S?10{A)] and aa 428-41 cf HIV 
g?120 (Tl) serves as a potent T call ix-uncgen for 
induction of activation cf anzi-Hlv jnezor/ T helper 
cells and B cell isauncgen for anti-Hr^ neutralizing 
antibcdies in vivo (palker et al., PMA.5 rvsx} . 
85:1932-1936, 1938; Palker et al., J. iTjr.un^r . . 
142:3612-3619, 1539; Mart et al., J. l:^u.nl.. 
145:2677-2635, 1990 a.-.d Mart et al., £MiS_r2SAl/ 
83:9443-9452, icci ) ^ TheTlS?10(A) peptide induces 
anti-Hlv neutralizing antibcdies in mice, goats and - 
rhesus monkeys (Palker et al., PNAs fugzi 85:1932- 
1536, 1933; Palksr et al., J. Tmaunei . 142:3612- 
3619, 1989; Eart et al., J. iT^unQt . . 145:2677-2535, 
1990 and Eart et al., PKAS f\jS}\) . 88:9443-9452, 
1991) , induces a.-.ti-Hlv MHC Class I-restrictad CTL 
in Bice (Kart et al., pmas rusx) . 83:9443-9452, 
1991) , and induces anti-HlV T helper cell responses 
in mice, goats, rhesus nonJceys, and chispenzees 
(Palker et al., PKAS msx\ . 85:1932-1936, 1938; 
Palker et al., J. Trnnt^nei . ^ 142:3612-3619, 1939; 
Eart et al., J. Ircnurol., 145:2677-2635, 1990 and 
Eart et al., PNA5 (usx\ . 83:9448-9452, 1991), In a 
recently ccrpieted study in rice, iz was fcund that 
while CS73L/5 and Balb/c aice sake high tizers cf 
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anti-peptide antiicdies tc TIS?10III3 peptides, 
these mouse strains aake no neutralirir.c antibodies 
to the H1VI1I3 V3 Iccp neutralizing deterainants . 
In contrast, CSTBLfi and Balb/c mice make good anti- 
HIV neutralizing antibodies when iaaunized with 
TISPIO peptides containing sequences f rc= "the HIVKH 
V3 loop. 

laaunization trials in chimpanzees were 
conducted to test the synthetic peptides. The 
results discussed below show that the chimpanzees at 
Holloman ATT, New Mexico, made good antibody and 
good helper T cell responses to TlS?loriI3(A) 
peptides, but like Ealb/c mice, did net caJce 
antibodies against the neutralizing antibcdy 
cetersinants on the ElVIlia Vj loop. 

In Ficura 5 the chianansees were 
iaaunized with Krf env synthetic peptides and their 
antibody titers tested using an SLISA assay. 
Animals 884 and 1023 were issunizec with peptide Tl- 
S?10I1I3 which was also used in the ELISA assay. 
Peptide F-T1-S?10III3(A) was used in the 
iaaunization and ELISA assays for aniaals 104 5 and 
1070. Ail iarunizations were in 1?A + ?=« (1:1) 
except fcr animal 1023 that developed IM arscasses 
after the third i=aunization &nd had one 
immunization held. Subsecuent ia.'sunizaticns were 
given in PSS only. 

As can be seen, Tl-SPlO peptides were 
excellent imauncge.ns in animals 834 a.-.d 1023, while 
Tl-SPlO peptides with t.he HIV gp41 fusion (?j domain 
synthesized K-tarainal to the Tl-SPlO peptide did 
not induce antibody titers as high or as of long 
duration as did peptides without the F domain. 

It should be noted t.'iat aniaals 1045 and 
1070 were challenged at month 16 with the iamunogen 
T1-S?10III3(A) that induced good antibody titers in 
animals 834 and 1023. Aniaals 1045 a.-.d 1023 did not 
respond to T1-S?10III3(A) in 17X, thus demonstrating 
t.hat they were tolerant ts the T1-S?10(A) peptide 
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frca their prior irswiizations with F-Tl-S?10Ilia(A) 
peptide. It is also isccrzaat tc note thdt while 
boost oi aniaal 884 at week 14 cave a rise in titer 
to Tl-S?10Ilia(A) peptide, boost of aniaal 1028 at 
the sase tiae did not. Aniaal 884 was boosted vith 
I?A, while boost of 1023 was vith no adjuvant, but 
rather only PBS. 

The peripheral blood mononuclear cell 
(?SMC) proliferative response to the iaaunizing 
peptides was also studied (see Figure 10) . Peptides 
T1-SP10III3 and T1-S?10III3(A) induced hich levels 
of proliferation of circulating P2MC in ar.iaals 884 
and 1028. These levels fell to non-detectable 
levels after a 6 acnth rest (aonth 14) but rose 
again in aniaals 884 and 1C28. Frcliferative 
responses in aniaal 1023 rcse vith each bccst after 
the 6 month rest even though the isaunizaticns vere 
in P2S alone vith no adjuvant. 

As vith E cell responses, aniaals 1045 and 
1070, that vere iaaunized vith F-T1-S?10III3(A) 
peptide, did not proliferate to Tl-£?10IIls(A) 
peptide. When these latter tvo aniaals vere 
iaaunized vith the Tl-£?iOIII3(A) peptide that vas a 
good iaauncgen in 834 and 102S, neither of the 
aniaals 1045, 1070 developed a proliferative 
response to T1-S?10III3(A) vhich proves that the 
addition of the F-dcaain N-terainal to the Tl-SPlO 
peptide created a toleragen that tolerized aniaals 
1045 and 1070 to the Ti and SPIO regions of gpl20. 
As shovn in Table XVI, vhile aniaals 884 and 1023 
both responded in proliferative assays to native 
gpl20, a.iiaals 1045 and 1070 vere tolerant to native 
cpl20 as well as tc iaaunizing peptides. 

The PHMC proliferative responses of 
chiapanzees iaaunized vith the synthetic peptides to 
FHA vas also studied (see Figure 11) . The data shew 
that vhile aniaals 104 5 and 1070 vere tolerant to Tl 
and SPIO regions of KIV gpl2C, PHMC FKA responses in 
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these aniaals throughout the imaunizaticn pericd 
were naraal. 

The saae T1-S?I0III3 peptide batches used 
in the chispanzee study, were also used as 
iaauncgens in gcats, and good anti-SIV 
neutralization titers in goats were obtained (See 
Figure 12) . Thus, Tl-SPlO peptides were superb 
iauaunogens vith I?X in chii&panzees, with reaarkable 
anti*-peptide serun antibody titers of >I: 102, 400 
(See Figure 9}, and induction of T cell response to 
Tl-SPlO and to native KIV gpl20 (See Figure 10 and 
Table XVI telow) . 

TA3LZ XVI 



• t4 

1031 
104A 
10?0 



<.3«> 12. »< (3) 



pvriod. 0*t-» Car aa^aaU l«4.U3«. «nd 1043 r«9raa«A« p*4t raaponaaa «auM 
Sra* 3tt9/ml ta 0.3«9/«i 9t xr/:::i(lAX) r*caMiMA« 9pl3:. CaiA tit «a^l 
1070 r»7rta«tt% p«aa rtspBUvs aai::^ 2raa Ua/ml co 0.5a4/i: Qt uUv« 



TA3LZ XVII 



contain ? *„2 , CaU^tar^ o.^m5(£?J i^uo J:;,^ ^P*^* 
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TA3Lr XVIII 



Syncy^iun Inliiiiticn Serua Neuzrali-inc Ar.tiicdv Titers of 
Rhesus HcnJcey 19578 Issunized wirh SOOuc' Tl-SrlOlGf (A) PeptSxie 

laacniza-ion No. PA te ma Titer (r.rno^) ha Tlto^ 

1 09/04/91 0 0 



VI 



OS/18/91 0 

2 10/02/91 20 

10/16/91 40 

10/30/91 80 

11/13/91 40 



20 
40 
40 
40 



12/04/91 40 10 

12/18/91 80 40 

0 
0 

0' 



01/08/92 20 20 

01/23/92 40 10 

02/06/92 10 



Nd « Neu-rili2inc Anti±ccv 
Pd ' Psndinc 
ND « Not dene 

• = 6S\ ir.:aibiticn of syncyria at 1:10 diiuticn. 

xne high neutralizing a-tiicdy rsspcnses 
of ccats to the saae TI-SPIO peptide batches used in 
chimpanzees deacnstrated that chiapanzees 
selectively did not recognize the neutralizing V3 
sequences as isauncgenic, while other ncn- 
neutralization T1-SP10III3 peptide sequences were 
imsuncgenic in chiapanzess. Thus, it is possible 
that selective proteolysis of the HIVIII3 Vj loop 
occurs by chiapanzee and nouse mononuclear- cells ix! ' 
viv£, or more likely, that genetic restriction of 
antibody responses to neutralizing determinants of 
the V3 loop exist in chimpanzees and mice. 

In rhesus monkeys, the injection of 500 ug 
of purified T1S?10MN(A) peptides was shcvn to yield 
very high levels of anti-HIV» neutralizing 
antibodies in A/A animals (see Figure 13-15) . In 
addition, in 1 out of 4 monkeys, immunization 
yielded cross -reactive anti-HIV neutralizing 
antibodies that neutralized the KIVIII3 and HIVMN 
'viruses (see Table XVIII belcv) * Thus, if 25* 
chimpanzees and humans respond to the T1-S?10HN(A) 
peptide and make cross-neutralizing anti-HIV env 
antibodies, then an additional 5* of subjects 
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sectional monkey data, 

indu« Tl-S?ioiii3(A) peptides did not 

in^ce ant..HIVlii3 neutralizing antihcdies i„ 
an.=«ls a3< a„d 1028, er.d because F-Tl-S-orrxra,. 
peptides iaduca-* taio-^r.^ . • s..3.ax(3)A 
5 cf the ^ and 1070, 

a- cf the caiacanzees were iaaunized at e-the- 
=cry. 16 (^.,,.^,3 33.^ ^^^^^ ^^^^^^^ -j^ 

104=. 1070) With T1-SP10M.(A, pectide. 
rationale here was to determine A, if the";.- 
S..io«K(A, peptide could trea. tolerance i-'a"-...,, 
10 1045 and 1070 T>^ • - a.-aals 

cen«^,- ^ - ^-^-^ ==^1= 

' : 1 '^^^ neutralizing determinants o. 

^^«r V. icop, since it appeared that none o. the 
an^ls could see the V3 determinants of E-v T1.3 as 
presented by T1-S?I0III3 peotides Fi^or/./.C 
is that a--^*- ■{-, • «-«s. Fi»d.a 13 shows 

Tl^ "=™^"^-"" < Chimpanzees with 

O.l-g/kc Of Tl-SPIOICKA) peptide, three of the 4 
--als (334, 10.3 and 1045 Shoved the appearance of 
weak seru^i anti-HIV MM neutralizing antibodies 

20 1 : ^-'"^ ' <leveloped high 

levels Of anti-HIV «k neutralizing antibodies Lt 
t-tered to >3o% neutralization at 1:20, and a^so 
cross-neutralized ET. 1113 (Table XZX, solid Unes, 
F^^ure 13) . This breaJc in tolerance can also be 

25 peptide in 

the serua of aniaals 834, 1045 and 1070 (rirure 19) 
Aniaal 1023 had an early abscess associated 'with the 
laaunizations and did not receive IFA after month 4 
the study, and never had an antibodv rise to 

30 "-"^ ^•-•^'-^^^ Wization of 

JO peptide With ITA. 
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3-4«92 




•14 




1029 




1045 


(23) 


lOTO 





- • < 4«\ iafiiii^isa of tyttcrti* 

- > 491 «]ui < ts\ iaalsisisn o£ ivncTtia 
• • » 50^ lafcliitiss 02 rrsfffzU, titir 1:10 
*- • I 10* laaiiitirs ol strct^U. tittr ls2i 



The ccservation that neutralizing 
aatihcdies in chiapanzee 1070 neutralized bcth EIV 
H^r and III3 isolates could be due to the presence of 
5 either type-specific neutralizing antibodies induced 
by both EIV Kll and EIV IIIB peptides (Rusche et al 
Prsc. Natl. Acad, Sci. USA S5:31Sc (1983)), cr be 
due tc the induction of cross-neutralizing anti- 
GrGRA antibodies by the T1-S?10KK{A) peptides. 

10 Antibody titers against a truncated SP 10 III3 

peptide, SPICO, IPJIQRGPG?., vas used in ELISA assay 
with serxa from chiapanzee 1070, Znd-point ZLISA 
titers against this peptide were 1:800 or less fron 
10-2 3 -SO through 12 -3 -SI (ncnths 3 through 17 of 

15 study) . Follcving the first immunization of animal 
1070 with T1-£?10MN{A) ca 12-3-S2, the titers of 
antibody to SPIOD peptide rose fron 1:800 to 1:3200 
on 1-7-92 and 1:12,800 on 2-4-S2. During the same 
tiae period, antibody titers of 1070 to T1-£?10KN(A) 

20 peptide rose iron 1:12,800 ts 1:102,400, while 

titers to the T1-SP10III3 peptide rose fron 1:3200 
tc 1:25,600. Absorption studies tc abscrb cut the 
neurralizinc antibodies in aniaal 1070 serun 
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10 



IS 



20 



25 



deacnstratsc that all of the anti-HTv kn 
neutralizinc activity cculd be absorbed cc- with tie 
S?10KN(A) peptide, ar.d parz of the EIV HN 
neutralizinc activity could be absorbed out with a 
peptide with the sequence ICPGHAIgpsraigpcsj^C (DP2) 
(Jahaverian et al Science, 2S0:15S0 (ISSO}) that 
only contains sequences frsa the tip of the V3 loco 
that ere cosaon to both ETv MM and Hr>; ins 
(Figure 20) . Thus, a portion of the chiapanzee 
antibody raspcnse induced by Tl-s?lOI©r(A) peotides 
cross-neutralize ETV KN and EXV 1113 ^^d are" 
directed against the conserved sequences a- the tip 
cf the EIV c?120 V3 loop. 

Irpcrtantly, ir. rhesus ncnkevs iz was 
deacnstrated that ir.jecticr. of SOOuc of purified 
T1S?1C>0?(A) peptides yielded very hich levels of 
anti-:-v vTOf neutralizing antibodies in 4/4 a.-.inals 
(?ig-^es 20-24) and in 1 cf 4 rhesus monkeys, 
yielded cross-reactive anti-H2V neutralizing ' 
antibodies that neutralized the EIVIII3 and'EIVMN 
viruses (Tables JT/in and XX) . Figure 25 shows that 
the D?2^ (IG?<:jL\ic-?G?.i.ZGrF?-\C) peptide absorbs the 
anti-H^v.liB neuzralizinc activity in seru= froa 
rhesus Bcnkey is=37. Table x:<Z shews the sequences 
of peptides used in the chinpanzee and rhesus" monkey 
studies described. 

TA3LI x:< 

Crass Heutralization of EIv LAI/1113 la RT lahihiticn 
-f Isarne Rhesus Hcnkev i 
laacr-ized with Tl-SPlO 



Anl=al Ko. 



18987 17336 
IJ^'f'l"^ »W LAI/IIZS |« 



fTitar in Rr Inhibirien) 



09- 18-91 0 0 HD 0 

10- 30-91 1,430 330 ND 40 

11- 13-Sl 1,400 1,400 JID 400 
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TA2LI XXI 



V«rUau 9t 71*$719 fcpcidM D«riv«d frra JC7 si vtd rrm 
' 71 S?10 A 



?i*f 71010 (A) XQiamcrTssaxrxcT^MYsrjGUSiiareKMTTTx 



r-Ti-»7i9r^3(Aj AvcrsAiri^riJtsirscTcrTexMcrxcrvmnrrAssuQAc^ 



2X\X?LZ 10 
The follcvinc is a prctccol f cr htcaan 
patient iaaunization. EZV sercnecative s'jbjects 
will be iaiaujiized with a pciyvaler.r mixture ot 
T1S?10(A) peptides (see Tables XXII and XXIII) 
designed to generate neutraiizinc antibcdies to 
ahcut 80% of the current EIV isolates in the United - 
States. 

TA2LZ XXII 

Stqu.nc. of Tnincaud Tl-SPlC(A) Pep.j^e* For Human lmn,un«tion 

KQlINMWCEYGXJlMYAaxaJKlGPGnJLFYTTX 
KQUNMWGEYCXJUWYAflXSlTKGPGnVIYATG 
KQlINVIWCEYGXA«YAflKSJPlG?GnAFUTS 
KGIIHUWCEYGXA14YARXSIHMGPGXJIFYT7G 



Tl-S?lCMH(A),n 
Tl-S?1CRF{A).1T 
Tl-S?10EV9l(A).tT 
Tt-S?lCC4nOA(Aut7 



wo 97/14436 



59 



PCT/US96/16911 



XTGH 

S«qu«nea of Full Length Tt*SP10(A] P«ptld«t For Human Immunisation 

KCDNMWCEVGXJlMYACTnPNYNKRKniHIGPGaAFrrrK Tl.$?tOMN(A} 
KQaNMWCEYGXAMYACTnfNNNTHKSrTKGPGSVlYATG Tl-S?tOflF(A) 
KQllNMWCEVGKAMYACTRPGNNTaKSIFlGPGSAFUTS Tt-S?10eY91(A>- 
KQUNMWGEYGXAMYACTKPHNNTnKSIKMGPGJCAFYTTG Tl-S?10CanOA(A) 



Kuaar. patients, bcth ELA 2A-r and HLA 
will be studied fcr up t= tvc years. During 
treatment , the ceneraticn cf neutralizinc antibcdies 
against KIV>C( and ether EIV isolates as veil as the 
generation cf T helper and/or Class I-restricted 
anti-HIV CTL will be measured. 

The innunccens to be used will ke 
T1S?10{A) peptides which are expected tc give rise 
to antibodies agiins- 80^ cf the KIV isolates in the 
Los Alaaos Data Set (Myers et al., Huinan 
Retrovir uses ar.d AIDS . Some patients will 

receive the iaauncgens in Table XX and sere will 
receive the iaauncgens in Table XIX. 

Each patient will receive as izzuncgen 
dose about 0.05cg/kc/peptide or lag cf each peptide. 
IZ no responses tc the original dose schedule 
result, the dose will be doubled a.-:d the ragiaen 
repeated after a three month rest. 

Incomplete Fraund's adjuvant (IFA) will be 
mixed with the imauncgen in a 1:1 v/v mixture (Hart 
et al., w. iTjaunol. . 145:2677-2635, 1990). Total 
voluae fcr each imaunizaticn should be 2cc, 

The imuncgens will be adninistarad by IM. 
The iaaunccens will bs nixed in a total vc1"?^a -5^ 
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and given IM, Icc in each of tvo sites (right or 
left upper am, right or left thigh) . 

loaunizations vill be given at 0 scnth, 1 
month and 3 months. The patients vill be monitored 
4 veejcs after each immunization. After the third 
immunization, the titer of responses to HIV vill be 
tested and a decision made regarding imaunizaticn 
vith a larger dose of peptide to begin after a three 
month rest. 

Routine blood and urine tests vill be 
conducted on the patients. The follcving blood 
sesples vill be required. 

Serua (10 ml) (apprcxiaately 20cc blocd) 
vill be used to study TISPIO and SPIO peptide 
binding in RIA and HIV cpl20 binding in RI?/Westem 
blot assays. Serum vill also be used to detaraine 
neutralization titers of ETLV-Ilia, KTLV-IIMN and 
field KIV isolates in reverse transcriptase and/or 
syncytium inhibition assays. Routine serur 
chesistries for toxicity (liver function tests, 
renal functions and chez 13 panel) and a cczplete 
blocd count (lOcc heparinized bleed) vill be 
performed. 

Peripheral blood cells (60 cl bleed) will 
be used to study ? cell proliferative respcnses to 
PEA, TT candidate TlSPlO and SPIO peptides, gpl20 
and 0KT3 (about 30 ml heparinized bleed). T cell, B 
cell, NX cell, CD4 and CDS cell numbers vill also be 
measured (about 5 ml heparinized blocd) , Finally, 
CTL assays vill be perforaed on autolcccus or KLA- 
identical E3V-trans formed B cell lines or autologous 
E3V-tra.':s formed B cell lines using vaccinia gpieo 
infected targets and peptide csatad targets. 
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EICAMPLE 11 

A scratecy has been developed for the design 

cf experimental synthetic peptide imnamogens for 

induction of T helper (Th) cells, neutralizing 

antibodies, and MHC Class I-restricted cytotoxic T 

lynmhocytes (CTL) against EIV native proteins or EIV 

protein-expressing target cells (Palker et al, Proc. 

Natl, Acad. Sci. USA 85:1932 (1988), Palker ez al, J. 

Imraunol. 142:3612 (1989)/ Earr et al, J. Irrrnmol . 

145:2677 (1990), Eart et al, Proc. Natl. Acad. Sci. USA 

83:9448 (1991), Eaynes et al, AIDS Res. & Euxan 

Retroviruses 6:33 (1990), Eaynes et al, J. Inrromol. 

151:1646 (1993), Eaynes et al, J. Exp. Med. 177:717 

^ (1993), Eaynes et al. Trans. Anier. Assoc. Physician 

106:31 (1993), Yasutomi et al, J. Immunol. 151:5096 

(1993)) . (A general scheme for an ELA-based vaccine 

for AIDS is set forth in Ficure 30. Thi Bn 

• X . . . n '^i . « .n 

includes the construct Tn-S?10 and, by exatrole, C4-V3. 
^l...n- is equivalent to Th-CTL (CTL » X) ) . 

A general iinmincgen design for induction of 
neutralizing antibodies requires the synthesis of one 
or more Th epitopes of ETJ proteins N- terminal to the 
gpl20 envelope V3 loop neutralizing domain (Th-B, 
Figure 26) . For MSG Class I-restricted anti-HIV or 
anti-SIV CTL induction, both Th-3-CTL and Th-CTL 
peptide designs have been successful (Figure 26) (Bart 
et al, Proc. Natl. Acad. Sci. USA 85:9443 (1931), 
Yasutomi et al, J. Immunol. 151:5096 (1953)). 
Prototype synthetic peptide immxuiogens comprised of 
Th-3-CTL epitopes of EIVIII3, MN or RF env cpi20 have: 
a) induced Th responses to native gpl20 in mice, goats, 
rhesus monkeys and chiiroanzees (Palker et al, Proc. 
Natl. Acad. Sci. USA 85:1532 (1988), Palker et al, J. 
Immunol. 142:3612 (1989), Eart et al, J. Imrr^ncl. 
145:2677 (1950), Haynes et al, J. E:cp . Med. 177:717 
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and b) induced in coats, rhesus monksys and 
chitroansees B cell neutralising antibody responses that 
have neutralized laboratory EIV isolates in a type- 
specific manner (Palker et al, Proc. Natl, Acad. Sci, 
USA 85:1932 (1988), Palker et al, J. Immunol. 142:3612 
(1985), Eart et al, J. Immunol, 145:2677 (1990), Haynes 
et al, J, Immunol. 151:1646 (1993), Eaynes et al, J. 
Ex?. Med. 177:717 (1993), Eaynes et al, Trans. Amer. 
Assoc. Physician 106:31 (1993)) and c) induced in mice 
and rhesus monkeys anti-EIv or SIV MHC Class I- 
rsstricted CTL that kill target cells expressicng EIV 
or SIV proteins (Earz et al, Prcc. Natl. Acad. Sci. USA 
83:9443 (1991), Yasutomi et al, J. Imrsunol . 151:5096 
(1953)). Ir. rhesus monkeys, ±z has been d'emcnstrated 
'that the T1-S?10MN{A.) peptide induced in select animals 
antibodies that reacted primarily with the IGPGHA? 
secuence at the tip of the V3 loop, and cross- 
neutralised EIVTIIS, EIVMN, EIVR? as well as EIV 
primary isolates crown in CEM cells (Haynes et al, J. 
Immunol. 151:1646 (1993)). 

Desicr. of A Prsrot^vr^e P9lwal '^r_^ KIV I?nmuncgsr. 

Because of the extreme variability that 
exists in EIV isolates both in cecgraphic locations and 
among patients, a multivalent EIV immunogen design 
tailored to EIV isolates in specific geographic 
locations, will likely be required for successful 
preventive and therapeutic EIV imnruncgens (Palker et 
al, J. Immunol. 142:3612 (1989), Eaynes et al, Trans. 
Amer. Assoc. Physician 106:31 (1993)). To this end, a 
prototype polyvalent ETJ immuncgsn has been designed 
csntaininc Th-B-CTL epitopes reflective of 4 ccmmcn EIV 
isolate motifs in Clave E, Er>/MN, HIVR?, EIVEV91, and 
EIVCA2T0 (rir-res 26 and 27) . In each of these 
prctctype peptides resides at least two Th 
daterr.inants, two Class I-restric-ed CTL deterrJ.nants, 



wo 97/14436 



PCT/US96A16911 



60c 

one rsscricced by EIA A2 and A3 (Clerici et al, Nattire 
339:383 (1989)) and another restrictsd by B7 (Safrit ec 
al. Characterisation of ELA-B7 -Restricted cytotoxic T 
lynmhocyte clones specific for the third variable 
region EIV cpi20, isolated from two patients durinc 
acute seronversion. Presented at the 6th NCTOG meeting 
Oct, 30 - Nov, 4, 1993)), and three or more epitopes 
recognized by anti-EIV neutralising antibodies {?alker 
et al, Proc. Natl, Acad. Sci, USA 85:1932 (19S3), 
Rusche et al, Proc, Natl. Acad. Sci. USA 85:319S 
(1988), Jahavarian et al, Science 250:1590 (1550)) 
(Figures 26 and 27) . Preclinial studies of this 
prototype peptide mixture in mice have demonstrated 
that two of the cotnpcnents (Tl-SPIORF(A) and Tl- 
•SPlOSVri (A) ] induced type-specific anti-V3 peptide 
(anti-S?10(A)) responses (Table XXIV), while two of the 
cotrocnents [T1-S?10MN(A) and T1-S?10CANO(A) ] induced 
broadly crcss-rsactive anti*V3 peptide smtibody 
response (Table XXIV) . 



wo 97/14436 



PCTAJS96/169n 



60d 



TA3LS Xnv 



Ability of HIV Envelope gp120 Synthetic Peptides To Induce 
Antl-Peptlde Antibodies After Three Immunizations 



Synthetic Peptides Synthetic Peptides Used In EUSA Assays 

Used To Immunize 
Mice 





Tl- 
SP10MN(A) 


Tt- T1- 
SP10RF(A} SP10EV91(A) 

(Geometric Mean Titers) 


Tl- 

SP10CANO(^ 


M-'tlvaJent Peptide 
.fixture 


51^00 


16,127 51,200 


204,800 


i1-SP10MN(A) 


25,600 


8,063 12,800 


20,319 


T1-SP10RF{A) 


43 


10,159 5 


9 


T1-SP10EV91(A) 


12 


5 2,016 


0 


T1-SP10CANO(A) 


25,600 


10.159 25,600 


204.800 


Balfa/c mice were Immunized three with 50 ug of monovalent peptides 
subcutanecusly In IFA (Seppic ISA 51). Animals were bled 2 weeks after 
the Immunization, and antibody titers determined using end>point EUSA 
assays (E/C 3.0). Data represent the geometric mean titers of serism 
antibodies of three mice for each point. 


iliza methcd ara 


described is 


Eaynes ec al, J. Immuncl. 




1S1:164S (1S93), 


Eaynes ec al, 


, J. Ex?. Med. 177:717 




(19S3), Eaynes et al. Trans. Amer. Asscc. Physiciar. 





106:31 (1992). 
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Abi l ity of, Biv i;nv o^Tieidss T^ d ueo r^n^.-:^ 

fClavS E> HIY IS0V^«' VI Loop PAr,^,•>^o^ 

In addicion, sera from coats and mica 
immunized with mixtures of all 4 peptides (Table XXV) . 
contained antibodies that also cross-reacted with the 
T1-SP10(A)A. con. peptide (a Th-3-CTL peptide 
reflective of the ccnsensus V3 loop sequence of Clave A 
m Africa), and to a lesser extent, with the Tl- 
S?lO{A)S.con. peptide (a Th-3-CTL peptide reflective of 
the consensus V3 loco sequence of Clave E in Thailand 
(Table XXV) . When sera f rcra mice inanunized with cnly 
one of each of the 4 ccnocnents of the polyvalent 
mixture were tested for their ability to bind to the 
African Tl-SPlO (A) A.con. peptide, it was found that the 
Tl-S?lOcaNO(A) peptide was responsible for generating 
all of the cross -reactive antibodies to the African 
Clave A consensus sequence. Thus, although the primary 
V3 sequences of the CANO envelope is widely disparate 
from other KIV env V3 sequences (Figure 27) , secondary 
and possibly higher orcsr structures of the V3 Iccp of 
the EIVCANC isolate appear to have the ability to 
induce cross -reactive ar.ti-V3 antibodies against many 
different EIV V3 motifs. 
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tA3Li XXV 



Afailicy of Th-3 HIV Polyvaletit Peptide Hixture To Prise asd Boost House 
«sd Goat Serum Antibodies That Cross-React With The Sh-a Peptide With V3 
Clave A (VHlGPGQAnfAT) Conseasus Sequences 

Th-3 Peptide V3 Sequence 

Anijnals RP EV91 CanO A. Con , E. Con. 

Gecmecric Mean Titers 

Mouse SI. 200 16,200 51,200 204 , 800 81/ 100 1, 600 

Goat 25 . 600 18 . OOP 12 . 800 25 , 600 29 .600 4 , SCO 

Data represent the gecaetric mean ti::ers of either 3 mice or 2 gcSits injected 
with the polyvalent Th-3 Er/env peptide mixture. ' 
Method used are described in Eaynes ez al, J. Immunol. 

151:1646 (1993), Eaynes e. al, J. Exp. Med. 177:717 

(1953)', Eaynes et al. Trans. Amer. Assoc. Physician 

; :31 (1993) . 

rEXoi°'HV"oS'TK' SOUTHEAST ASIAN 



SPIO A 

KQIINMWQBVGQAMYATRPNNNTRK5VHIQPGQAFYATG0I T1-SP10(A)A.con 
K6HNMWQGAGQAMYATRPSNNTR7SmGPGQVFYRTQDI T1-SP10{A)E.con 
Human Retroviruses and AIDS 19^ • 

edited by G. Myers. J. A. Befzcfsky. B. Korber. R. F. Smith, and G. N. Pavlakis 
published by the Theoretical Biciogy and Biophysics Group T-10 
Man Stop K7i0 

Las Alamos National Labcrator/ 
Los Alamos. NM 87545 
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PffjcraliTinc Anrihcdv Ra^T.nr,^»c g^np-=ro^ 

Rscardine neutrali2ir.c aatiaody responses, 
sera from animals immunized with the polyvalent 
inmunogen (Ficure 27) bind to EIV gpi20III3 and 
cpl20Sr2 in either radioimmunoprecipitation assay or in 
ELISA assay. Sera from these animals have neutralized 
HIVMN and RF isolates in syncytium inhibition assays. 

The 17b and 46d h-^man anti-cpi20 mabs were 
isolated from hiiman PSMC B cells from patients infected 
. with EIV (Thali et al, J. Virol. 67:3S78-398S (1993); ■ 
Moore et al, AIDS Res. Kumar. . Ratroviral. 9:1185 
(1993)) . The 17b and 4Sd msbs cross -block mouse mabs 
that bloc-ic CD4 binding to cpi2C, broadly neutralize 
disparate EIV isolates, but do not in and of themselves 
block cpi20-CD4 binding (Mccre et al, personal 
communication, 1994; Thali et al, J. Virol. 67:3978 
(1993) ) . Rather, binding cf ths 4ed mab is unregulated 
to native gpl20 following ligation of gpl20 by (3)4, it 
has been found that one peptide, T1-S?10CANO(A) , binds 
to the 48d mab (Figure 28). and the optimal binding of 
mab 43d to EIV env hybrid peptics Tl-S?10CANd (A) 
depended on ths presenss of ths CD4 peptide, Tl N- 
tsrminal to ths S?10CAJra(A) peptide (Figure 29). Thus, 
the T1-S?10CANO(A) hybrid C-i-VS petids mirrors a 
conformational determinant cf EIV gpl20 recognized by a 
potent broadly neutralizing human mab. It is interest 
that Wyatt et al, J. Virol. 6c:6997 (1992) and Moore et 
al, J. Virol. 67:473= (19S3) have suggested that ths V3 
loop (S?iO(A)] and t-he C4, Tl region ara in close 
physical proximity tc each cthar ir. native gpl20. 
Thus, the present data diractly cer.or.strate that the 
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Tl-SPIOCAMO(A) synthetic peptics can mimic broadly 
neutralising C4-V3 conf orniational determinants of 
native cpi20. 

g^ngrSl Stratecv for idgn t igic^trign of Tnulgiple CD4-V1 
m-S?lQrAn perridf^^ that, mi^^^^j- ath^^ gTV i^M^ro 
C4-V3 CQ^fQrTnp.^-;^^^ ?. detgrmina^ ^yc: 

Whereas the EIV V3 Icop by itself induces 
primarily type-specific anti-EZV neutralizing 
antibodies, the C4-V3 determinant as defined by the Tl- 
SPlOCANOtA) peptide will indues more broadly, cross- 
reactive neutralizing antibodies. This is kncwr. from 
the fact that the 4ad human monoclonal antibody derived 
from a EIV seropositive patient bi:ids to a complex 
conformational determinant on the surface of cpi20, 
binds to a wide spectrum cf EIV isolates and 
neutralizes disparate EIV isolates such as EIVIII3 and 
EIVMN (Thali et al, J. Virol. €7:3978 (1993); Moore, J. 
personal ccmraunication (1994)). Thus, a general 
strategy for identifying multiple C4-V3 peptides would 
be to construct a large number cf C4-V3 peptides 
derived from C4 sequences (for ercanrole, from amino 
acids 419 to 428 from the EIVMN isolate and from 
homologous regions in other EIV isolates) linked 
N-terminal to SPIO or S?10(A) regions (such as amino 
acids 301-327 of EIVMM and from homologous regions in 
other EIV isolates) from sequences listed in the Los 
Alamos database (Euman Retrovirus and AIDS, 1991, 1992, 
1993 edited by G. Myers, J.A. Eerzofsky, B. Korber, 
B.r. Smith and G.N. Pavlakis, published by the 
Theoretical Eiolocy and Biophysic Group T-10, M^il Stop 
iC710, Los Alamos National Laboratory, Los Alamos, NM 
87545) (see Table XXVI for other examples) . One would 
then screen approximately 40 to 100 of these different 
C4-V3 peptides against a ccmbinatcrial library of heaw 
anc light chain immuncgloculin variable genes eccoressed 
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on the surface cf phage (Borbas ec al. Proc Natl 
Acad. Sci. USA 88:7578 (1991)). The wcrk c£ Ecrbas et 
al provides a method for screening a large number (lo? 
to 10 ) of human monoclonal antibodies derive-' f-cm a 
patient with EIV infection maJcing a screen possible of 
a wide spectrum of antibody responses to search for 
antibodies species against corolex conformaticnal 
determinants on epi20. Using this technoloay C4-V3 
peptides can be identified that are in such'a 
conformation to fit into the Fab notch of the variable 
region of the heavy and light chain hetarocime- 
expressed in the combinatorial library on the surface 
of phage. These Fab mcnoclonals can be isolated and 
cloned (3crbas et al. Proc. Nail. Acad Sc- U"- 
88:7978 (1991)). Most imcortantly. C4-V3 peotids 
- designs can be identified that reflect nativi col20 C4- 
V3 conformaticnal determinants of a wide variety of EIV 
strains. When this type of protein based selection is 
performed with combinatorial libraries derived frcn a 
large number of HIV-infected ir.dividuals from manv 
different geographic sites of EIV infection around the 
world, a wide selection of C4-V3 peptides that mimic 
broadly reactive neutralizing determinants from the C4- 
V3 region of native gpl20 can be identified and, for " 
example, combined together with the Tl-S?10CWIO(A) 
prototype C4.V3 peptide into a multivalent C4-V3 
peptide inmunogen for induction of highly cross- 
reactive, broadly-neutralizing antibodies against C4-V3 
conformational determinants of multiple Elv' s trains . 
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In the design of an HLA-based HIV vaccine, the 
following variables are taken into account: a) the HLA 
molecules that are expressed in the population or 
cohort to be itraminized, b) the CTL or T helper epitopes 
present in the itnmunogen and their respective 
HIA-restricting elements, and c) the HIV variants 
present in the geographic location of the cohort to be 
vaccinated. An HLA-based vaccine for induction of 
anti-HIV T cell immunity is a multivalent mixture of 
immunogens reflective of the most common HIV variants 
in a geographic location, and containing immunogenic 
^CTL and T helper epitopes that bind to the HLA 
molecules expressed on antigen-presenting cells of 
sxibjects of the cohort to be vaccinated. The mixture 
of immunogens can range from a mixture of non-HIV 
vectors expressing HIV proteins, to mixtures of HIV 
recottODinanc proteins and/or synthetic peptides {Palker 
et al, J. Immunol. 142:3612 (1989); Hart et al, Prcc. 
Natl. Acad. Sci. USA 88:9443 (1991); Berzofsky, FASE3 
J. 5:2412 (1991); Haynes et al. Trans. Assoc. Amer. 
Phys. 106:33 (1993); Haynes et al, AIDS Res. Hum. 
Retroviral 11:211 (1995); Cease et al, Ann. Rev. 
Immunol, 12:923 (1994); Walfield et al, Vaccines 92, 
Cold Spring Harbor Laboratory Press pp. 211-215 
(1992)). 

Data sets that can be used to develop HLA-based 
AIDS vaccines include: l) a compilation of CDS- CTL 
and CD4+ T helper epitopes in HIV proteins that can be 
derived from the available literature (see particularly 
Nixon et al, Immunologv- 76:515 (1992)), 2) a listing of 
the HLA restricting antigens that present HIV CTL and T 
helper epitopes which also car. be derived from the 
available literature, 3) a compilation of the HIV 
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variants present in specific geographic locations that 
can be derived from the available literature (see 
particularly Human Retroviruses and AIDS 1993, Myers et 
al (eds) published by Theoretical Biology and 
Biophysics Group, Los Alamos National Laboratory, Los 
Alamos, NM 87545), and 4) a listing of HLA types for 
ethnic groups in geographic locations (HLA 1991 Tsuji 
et al (eds). Proceedings of the llth International 
Histocompatibility Workshop amd Conference, Oxford Unv, 
Press, Oxford, England 1992) . 

Table XXVI shows an HLA-based HIV vaccine design 
for CTL induction for African-Americans, and shows 
analyses of the most coramcn HLA t>-pes present in the 
cohort to be immunized, the KLA Class I CTL epitopes 
restricted by the common HLA types in the cohort, and 
the HIV variants in the geographic location under 
consideration. The most useful HIV preventive 
immunogens will be those designed for all members of a 
cohort to be immunized in a geographic area regardless 
of ethnic background, and such immunogens can be 
designed by expanding the number of HLA types used in 
the analysis, and by choosing HIV CTL immunogenic 
epitopes presented by several disparate HLA molecules * 
(see available literature including Haynes et al, AIDS 
Res. Human Retroviral. 11:211 (1995)). Since a number 
of HIV CTL epitopes are presented by more than one 
allotype of HLA Class I molecules, by using nine CTL 
epitopes (as well as variant peptides reflective of HIV 
mutations at these sites) 95% of African-Americans, 
97.5% of Caucasian Americans. 97% of Native Americans 
and 99% of Thais can be expected to respond to such an 
HIV immunogen (see Table XXVII below) (Haynes et al, 
AIDS Res. Human Retroviral 11:211 (1995)). 
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TABLE XXVI 



Steps in the Development of an HLA-Based Subunit 
HIV Vaccine For Induction of Anti-HIV CTL in 
Af rican-Americems in the United States 

1. Analysis of common MHC types in cohort to be 
immunized. 

Example: For African- Americans in the United States, 

80% will express HLA A2, A3, A28, A30, B7, or 
B8. 

^ 2. Analysis of the HLA Class I HIV CTL epitopes 

restricted by these common HLA types in African- 
Americans in the cohort to be immunized. 

Example: For HLA-A2, aa77.85, from pl7 gag (Johnson et 
al, J, Immunol. 147:1512 (1991)); forfiLA-A3, 
aa73-82 from nef (Culmann et al, J. Immunol. 
14S:1560 (1991)); forHLA-A28, aa583-592, 
from gp41 (Lieberman et al, J. Immunol. 
148:2738 (1992)); forHLA-A30, aa844-863, 
from gp41 (Lieberman et al, J. Immunol. 
148:2738 (1992)) forHLA-B7, aa302-312, from 
gpl20 McMichael et al, AIDS 85:S155 (1994)).; 
for HLA-B8, aa585-593 from gp41 (Sutton et 
al, Eur. J. Immunol. 23:447 (1993)). 

3. Analysis of the HIV clade variants in the 
geographic locations of the cohort to be 
immunized. 

Example: The most common clade in the United States 
and Western Europe is Clade B. For Clade 
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epitiope aa77-85 from pl7, of 2S isolates 
analyzed in the Los Alamos database, these 
are 8 variauits, necessitating including 
8 peptides for this sequence. A similar 
smalysis for the other 5 epitopes would 
require an additional 54 peptides, for a 
total of 62. 



4. T cell help can be obtained for anti-HIV CTL 
induction by peptides by synthesizing 
immunodominant T helper determinants N terminal to 
the CTL epitopes or includsion of T helper 
determinants in larger subunits of HIV immunogens* 
(PalJcer et al, J. Immunol. 142:3612 (1989); 
Milich, Nature 329:547 (1987)). 



Exart5)le: Th:-X;, Thx-X^, Th^-X., Th;,-X^, etc: where Th = 
immunodominant T helper epitopes and X « MHC 
Class I CTL epitopes. 



♦Specific CTL epitopes are included because of the 
restricted nature of CTL-epitope presentation by HLA 
molecules (Palker et al, J* Itmminol. 142:3612 (1989); 
Berzofsky, FASE3 J. 5:2412 (1991); BerzofsJcy, Sem. 
Immunol. 3 :203 (1991))- Only the most common 
immunodominant T helper epitopes need to be included 
for T cell help for CTL generation without regard to 
immunized cohort restriction element expression, since 
many HIV T heloer eoitopes are presented by multiple 
HLA Class II types "(rev. in (BerzofsJcy, FASEB J. 5:2412 
(1991); Berzofsky, Sem. Immunol. 3:203 (1991)), and 
some retrovirus CTL epitopes also been suggested to 
have T helper cell stimulating activity (rev. in 
Berzofsky, FASEB J. 5:2412 (1991); Berzofsky, Sem. 
Immunol. 3 :203 (1991) ) . 



It will be appreciated that the actual degree of 
EIV variability may not be reflected by the decree of 
variability seen in existing databases. Iz will also 
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be appreciated that it is not certain that every 
variant of every HLA type will equally present each 
peptide to T cells. Further, it is not certain that 
every HIV CTL epitope variant will be a potent agonist 
and trigger T cells to an optimum anti-HIV immune 
response. However, vaccines designed in accordance 
with the present approach can be expected to be of 
significant clinical effectiveness.. Further, for 
design of an HLA-based HIV preventive immunogen that 
induces both anti-HIV T cell responses and anti-HIV 
neutralizing antibodies. HIV B cell immunogens that 
induce broadly neutralizing antibodies for HIV primary 
isolates can be added to a multivalent HIV T cell 
xmtnunog'en . 

By way of example, set forth below is an HLA-based 
HIV vaccine formulated based on the International 
Histocompatibility Workshop data presented in 
Histocompatibilicy Testing 1994. Albert et al eds 
Springer- Verlag, Berlin (1994) and HLA 1991. 2 volumes, 
Tsuji et al (eds) Oxford University Press. Oxford 
England (1992)) supplemented with other published data 
{Williams et al. Human Immunol. 33:39 (1992); 
Chandanayingyong et al. HLA antigens in Thais, In 
Proceedings of the Second Asia and Oceania 
Histocompatibility Workshop Conference. Simons and Tait 
(eds) Immunopublishing Toorak pp. 276-87 (1983)). 
Using these data and the Hardy -Weinberg theorem (Hardy, 
Science 28:49 (1908)). an estimate was made of the 
proportion of each of four populations that would be 
expected to present peptides to the immune system if a 
limited number of HIV epitopes were i.icluded* in a 
vaccine designed specifically for that population. 
Similar calculations were made for a vaccine designed 
to be immunogenic for ail four populations. These 
results are presented in Table XXVII. 



wo 97/14436 



60p 



PCT/US9d/I691I 



B 

U3 















rpGwci 
















E 


1%) 

QVLRPMTYK 
YLKDQQIX 

YFPDWQNYTPGPGlRYf 


-'I 

S S 5 CO 


C 3 S > g 
£u ^ 7 t« si 


QVPLRPMTYK 

YFPDWQNYTPGPGII 
RLRDIXLIVTR 



« 3 



X 
X 

< 



8 ^ 
< 5 



tS n 

a is ® 

S 5 ^ 7 

S ir> CO ^ t; 



« =a = S 
^ sc- o' - 



a < 



n 

CO 

1 

o 
in 



^ ^ tM \0 
CO O CN* nS 

Cv so n ^ 



X 
IS 

(J 



w c5 «n 5 5 
< < < e U S 
< 

S3 .5 
s < 



1 



<N D ^. 5-: 
< < s = 



c 

3 

U 

< 

on 



CN 



.CO 



c 

CI 



CO 

s 

c 
U 

< 



c 
o 



o 



fN — 

=9 -J- b 



IT) 

cn 



CO 

< 

CM 
< < 



c 

n 
w 

ii 

z 



CO 

< 



tt5 



cr: 
o 



GO 



CO ■ 



*3 c-*c; ^ 

c = to 



^ w 5« 



X 



c 



.2* 



Z 



< 

CM CS 
< < 



wo 97/14436 



PCT/US96/16911 



The most frequent restriction elements in the 
population under consideration for vaccination (or 
common to the 4 populations) are first identified, 
peptides that are presented by more than one HLA allele 
are next identified, and commonality between the two 
lists is then determined. Probability calculations 
utilize the frequencies of the commonality alleles 
supplemented by those of additional high frequency 
alleles in the population. Alleles are added until the 
proportion of the individuals in the population 
carrying one or more of the alleles in the list is at 
an acceptable level, eg greater than 90%. The sum of 
the HLA gene frequencies that recognize the fewest 
number of different HIV peptides to be included in the 
. HIV immunogen is thus maximized. The next step is to 
choose the peptides associated with the restricting 
allele. In some instances only one peptide is 
associated with an allele while in others, multiple 
peptides are presented by the same allele. 

For the four population cohorts considered in this 
analysis, as. few as 2 and as many as 5 epitopes are 
required to achieve a theoretical protection level of 
at least 90* (Table XXVII) . The different numbers of , 
required epitopes reflect, in part, the relative 
amounts of HLA Class I polymorphism observed in the 
different ethnic groups and presentation of a peptide 
by multiple HLA class I molecules. 

A comparison between the individual and combined 
population (Table XXVII) demonstrates that relatively 
little is gained by including epitopes that are 
associtated with low frequence alleles. The proportion 
of individuals protected approaches 100% asymptotically 
so that even adding on epitopes associated with high 
frequency alleles adds little to the proportion as this 
level is approached. This is illustrated by the Mcrth 
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American Indians where including 6 more epitopes 
associated with 5 very low frequency alleles and 
intermediate frequency allele in the combined 
theoretical vaccine added only 3.0% protection. 
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EXAMPLE 13 

Induction of Antibodies That React 
With Native HIV Envelope Proteins 

Table XXVIII shows peptide sequences that were designed to 
induce antibodies against the C-terminus of gpl20 (SP410-BAL}, the 
AVERY region of gp41 (SP400-BAL) , the ELDKWAS region of gp41 (GTHl 
S961) , and the C2 region of gpl20 (T1-SP420-BAL) . In addition, 
Tl-SPIO(A) or GTHI-SPIO(A) peptides were included in the mixture o 
HIV env peptide designs (the Tl-SPIO(A) and GTHI-SPIO(A) peptides 
induce potent neutralizing antibodies against HIV laboratory 
adapted strains) . 

The following peptides were injected into guinea pigs with 
Freund's adjuvant to induce anti -peptide antibodies: SP400-3AL, 
SP410-BAL> and the Th-B design peptides, GTH1-SP61, GTHI-SPIOMN(A) . 
and Tl-SPlO (A) -BAL. The SP400-BAL, SP410-BAL and GTHl -SPIOMN (A) 
peptides induced antibodies that bound to recombinant gpl20III3 or 
to recombinant gp41 in Western blot assays (Figure 32A, B and C) , 
and bound to the surface of HIVIIIB/LAI-inf ected GEM T cells 
(Figure 33) , Antibodies against peptide GTH1-SP61 also bound to 
the surface of HIVIIIB/LAI infected GEM T cells (Figure 33). All 
anti-peptide antisera bound to the immunizing peptide in ELISA 
assays (Table XXX). Thus, the peptide designs listed in 
Table XXVIII induce antibodies against native HIV env proteins and, 
upon incorporation into a polyvalent immunogen, potentiate each 
other and particularly anti-V3 antibodies in neutralizing HIV 
laboratory adapted and primary isolates. 
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* ♦ ♦ ♦ * 

All do aimen ts cited above are hereby inccrporated 
in their entirety by reference. 

The foregoing invention has been described in some 
detail by way of examp les for purposes of clarity and 
understanding. It will be obvious to those skilled in 
the art from a reading of the disclosure that the 
synthetic peptides of the instant invention may differ 
slightly in amino acid sequence from the sequences of 
SP-lO regions of specific EIV isolates, without 
departing from the scope of the invention. 



wo 97/14436 



PCT/US96/I691] 



62 



WEA7 IS CLAIMZD IS : 

1. An essentially pure Coca of a 
hydrofhilic peptide consisting essentially of an 
aolflo acid sequence of up to about 35 units in 
length and corresponding to at least one antigenic 
deterainant of the envelope glycoprotein of HIV 
recogsized by B lyaphocytes, said peptide being 
capable/ when ccvalently linked to a carrier 
8;oIecule/ oC inducing in a canuaal the production of 
high titers of protective/ type-specific, antibodies 
against EIV. 

2. The peptide according to claia 1/ 
wherein said aaino acid sequence correspcsds to the 
S?-lfl region cJ the envelope glycoprotein of HIV, or 
scae portion thereof. 

3. The peptide according to claia 2, 
vherein said aainc acid sequence consists 
essentially of CTRPSKNTRKSiaiQRCrC, or scse portion 
thereof. 

4. An isununogenic conjugate capable of 
inducing in a aaoaal the production of high titers 
of protectivei type-speciCic, antibodies against 
EIV/ said conjugate comprising: 

(i) a carrier molecule covalently 
attached to (ii) a hydrophilic peptide consisting 
essentially of an amino acid sequence o£ up to about 
3S units in length and corresponding to at least one 
antigenic deterainant of the envelope glycoprotein 
of HIV recognised by B lyaphocytes. 
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S* The conju9ate according to clais 4, 
wherein said carrier solecule comprises an aniao 
acid sequence corresponding to a region of the 
envelope glycoprotein o« HIV, which region is 
distant £rca the S?-10 region and is recognised by T 
cells. 

6. The conjugate according to claia 5, 
wherein said region distant fro© said S?-10 region 
is T cell epitope Tl or T cell epitope T2, or seme 
portion thereof. 

7. The conjugate according to claia 4, 
wherein said carrier aclecule is tetanus toxoid* 

8. The conjugate according to clair 4/ 
wherein said carrier molecule is covalently attached 
to said peptide through at least one spacer 
molecule. 

S. The conjugate according tc claia 8, 
wherein said spacer molecule consists of the 
dipeptide glycine-glycine. 

10. A conjugate according to claia 4 
wherein said amine acid sequence corresponds to the 
SP-10 region ol the envelope glycoprotein of EIV, or 
some portion thereof. 

11. A conjugate according to claia, 10 
wherein said amino acid sequence consists 
essentially of CTRPNNNTHXSIRIQRCrG, or seme portion 
thereof. 
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12. rtie ccnjucate according to claia A, 
further comprising the acino acid sequencs FLCrLG 
ccvalently linked to the S?-10-liJie peptide, or 
portion of the S?-10-liJce peptide. 

13. The conjugate according to claia 4 
further comprising an amino acid sequence 
corresponding to a hypervariable region of the 
envelope protein of EIV Isolates located C terainal 
.to the S?-10 region. 

14. A ccnjucate according to claia 13 
wherein said sequence corresponding to said 
hypervariable region is RArvTicxiGN and is directly 
linked to the C terainus of S?-10. 

15. A method of producing imaunity to EIV 
in a maaaal cc-aprising administering at least one 
conjugate according te claia 4 to said eaaaal. 

16. A method of producing iaaunity to EIV 
in a aaaaal ccaprising ad.-sinistering to said maamal 
at least one covalently linked aggregate cf at least 
two conjugates, each of said conjugates having (ij a 
carrier molecule covalently attached to (ii) at 
least one S?-10-like peptide, or portion thereof. 

17. The aethcd according to claia 16 
wherein said aggregate comprises at least two SP-10- 
like peptides, or portions thereof, each c£ which 
corresponds to a different isolate of HIV. 
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18. The method accardlng to claia 16 
wherein said canjujatea in said aggregate are 
covalently linked to each other via at least one 
disulfide boad. 

19. Aa iiosunogenic covalently bended 
aggregate capable o« producing a protective lasune 
response to HIV in a mas-^1 comprising at least two 
conjugates each ccoposed of (l) a carrier molecule 

^ covalently attached to (il) a hydrophilic peptide 
consisting essentially cf an amino acid sequence of 
«p to about 35 units in length and ccrrespcnding to 
*t least one antigenic determinant of the envelope 
glycoprotein cf BIV recognized by B lyr-phccytes, 
said conjugates being lir.Jced to each ether through 
at least one disulfide bend. 

20. A oethed cf determining the presence 
and titers ia eaasalian serua of neutralising 
antibodies against a specific strain cf EIV 
comprising t.he steps of: (i) ccntacti.-.g an S?-10- 
like peptide, cr portion thereof, with antibodies 
from maiasiallaR seruc; a.-.d (ii) measuring the 
formation cf S?-10-liJce peptide-antibedy complexes - 
by radioisauncassay, or ensyae linked isaunosccbent 
assay. 



wo 97/14436 



PCT/US96/16911 



60 

21. A p«ptid« of th« general fcrsula: 
f-Th-S?10(X) 
TIl-S?10(X) 
TH-SPIO 
or 
7(X) 

vherein: 

? represents an aainc acid lequence 
derivable f ron the putative fusogenic donain 
of HIV env gp4l, or sequence functionally 
equivalent thereto/ 

Th represents an aaino acid sequence 
comprising a T helper epitope; 

SPIO represents a peptide as defined in 
clais 1; and 

(X) represents an aaino acid sequence 
corresponding to a KIV protein sequence 
recognized by >g-:c class I or class 11 
restricted cytotoxic T cells. 

22. A method of inducing, in a primate, 
aatiicdies that neutralize human immmcdef iciency virus 
(EIV) conrarising administering to said primate a 
mimeotope of a conformational determinant of the native 
Hrv cpl20 C4-V3 region. 

23 . The method according to claim 22 wherein 
said mimetope is Tl-SPIOCANO (A) . 

24. A method of screening said peptides 
according to claim 21 for the ability to produce 
neutralizing antibodies against more than 1 EIV isolate 
canmrising: 

i) contacting one of said peptides with a 
monoclonal antibody that racccnizes a conformational 
determinant of the native EIV gpi20 C4-V3 region under 
conditions such that binding can occur, and 

ii) determining whether said peptide binds 
to said mcnoclonai antibcdv. 
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25. A method of inducing, in a primate, the 
production of antibodies that neutralize human 
immunodeficiency virus {HIV) comprising administering to 
said primate a composition comprising HIV envelope 
peptides that disrupt gpl20/gp41 interactions. 

26. A composition comprising human 
immunodeficiency virus envelope peptides that disrupt 
gpl20/gp41 interactions, together with a 
pharmaceutically acceptable carrier. 
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T1-SP10MN(A) KQONMWQEVQKAMYACTRPNYNKRKflHGPGRAFYTTK 

O TI-FIU KQIINMWQEYGKAMYATYQHTRALVTG 

■ DP31 ERYLXDQQLLGJWGCSGKUCG 

• SP10MN(A) CTHPWYNKRKRIHI GPGRAF YTTK NUQ 

A DP4 CYNKHKRIHIGPQS^f YTTK 

▲ DP2 I GPGRAF I GPGRAR(5PGRAF C 
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T1-SP10M N(A) KQ|^WWQEVG<AMY«,CTaPNYNKflKniHlG?GSArY7TK 
O TI-FlU KQIINMWQEVGKAMYATYGnTRAtyTQ 
■ DP 31 eaYLKDQQLLQWQCSGKUCG 
• SP10MN(A) CTRPNYNKRKfllHIGPGRAPYTTK 
A DP4 CYNKRKRIHIGPGRAFYTTKNDQ 
▲ DP2 IGPGRARGPGRAFIGPGRAF C 
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1 1.5 2 2.5 3 3.5 4 4.5 5 5.5 6 

Month 
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O TI-FIU KQIINMWQEVGKAMYA7YQRTHALVTG 
■ DP 31 EaYLKDQQLiaWGCSGXUCG 
• SP10MN(A) CTRPNYWKRKRIHI GPGRAF YTTK 
A DP4 CYNKRKRIHJGPGRAFYTTKNnG 
▲ DP 2 IGPGHAnGPGRAFlGPGRAF C 
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Sequence of Tl-SPlO(A) Th-B-Tc Peptides For Human Immunization 

T1 SP10 A 

KQIINMWQEVGKAMYATRPNYNKRKRIHIGPGRAFYTTK T1-SP10H*N(A) 

KQMNMWQEVGKAMYATRPNNNTTJKSrrKGPGRVIYATG TI-SPIORF(A) 

KQUNMWQEVGKAMYATRPGNNTRKSIPIGPGRAFIATS Tl-SPlOEV9l(A) 

KQIINM WQEVGKAMYATRPHNNTRKSIHMGPQKAFYTTG T1 -SP 1 0CanOi\(A) 
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